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NOVEMBER 26, 1948 


HE 287th meeting of the American Physical 

Society will be held at Chicago, in the 
buildings of the University of Chicago, on Friday 
and Saturday, November 26 and 27, 1948. It 
' will be interesting to see what size the meeting 
will attain: there is no standard of comparison, 
for not since 1940 has a Thanksgiving meeting 
been held at Chicago otherwise than under the 
shadow of imminent or actual war. In the ex- 
pectation of a great one, the largest halls avail- 
able have been chosen for the sessions. Mandel 
Hall is at the southwest corner of Fifty-seventh 
Street and University Avenue; Breasted Hall 
(the Oriental Institute) at the southeast corner 
of Fifty-eighth Street and University Avenue; 
Eckhart Hall and Kent Theatre are on the 
north side of the line which Fifty-eighth Street 
would follow if projected across the campus 
westward from University Avenue. 


The registration desk will be on the second 
floor of Eckhart Hall; dinner tickets will be sold 
there. All members and visitors are asked to 
register. 


Hotel. Rooms have been reserved for our mem- 
bers at the Palmer House; in writing for a reser- 
vation, mention that you are coming for the 
meeting of the American Physical Society. Be 
prompt in writing; the hotel cannot be expected 
to hold the rooms until the eve of the meeting. 
Allow forty minutes to go from the Palmer 
House (at State and Monroe Streets) by way 
of the Illinois Central Railroad from Van Buren 
and Michigan Streets to 57th Street; the Uni- 
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versity is half a mile westward from the 57th 
Street station. 


Our Division of Solid-State Physics will hold 
a Symposium consisting of three papers (by 
John Bardeen, J. S. Koehler, and Frederick 
Seitz) on Saturday morning in Mandel Hall. 


Invited papers on the general programme will 
be given by M. Goldhaber, D. E. Gray, J. M. 
Jauch, M. von Laue, G. E. Pake, E. R. Peck, 
R. D. Sard, C. W. Sherwin, Bernard Waldman, . 
and W. H. Zachariasen. Except for the papers of 
Messrs. Pake and Goldhaber, thesé are scheduled 
for Friday afternoon. Enrico Fermi will speak 
at the dinner on Friday evening. 


Contributed papers are distributed among nine 
sessions scheduled for Friday morning, Saturday 
morning, and Saturday afternoon. 


The Committee (of the American Physical 
Society and the American Institute of Physics) 
on Physics Abstracts invites any members of 
the Society who are interested to join in a round- 
table discussion of the problem of abstracting 
the periodical literature of physics in Eckhart 
202 at two o'clock on Saturday afternoon. The 
purpose of this meeting is to assist the study of 
this problem which is now being conducted by 
the Institute, under contract with the Office of 
Naval Research and in cooperation with the 
Library of Congress. Dr. Dwight E. Gray, direc- 
tor of the project, will be present and will also 
describe the problem to the members of the 
Society on Friday afternoon at two o’clock in 
Mandel Hall. 
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The dinner of the American Physical Society 
will be held on Friday evening at seven o’clock 
in International House (1414 East 59th Street) ; 
Enrico Fermi will speak after the dinner. The 
price will be $3.30. Those who expect to attend 
it are asked to fill out and mail the form on the 
inside back cover page. Tickets will be held at 
the registration desk until 3 P.M., after which 
those which remain will be sold to the first 
comers. If you wish your tickets mailed to you, 
send a check and give your address (made out to 
the American Physical Society). 


The Council of the American Physical Society 
will meet at 10:15 A.M. on Friday in Eckhart 316. 


Post-deadline papers. The Council, availing 
itself of an amendment to the By-Laws adopted 
on 30 January 1948, announces that “The 
Council or its designates will consider the ad- 
mission, to a special supplementary programme, 
of a limited number of additional papers of 
which the abstracts reach the office of the So- 
ciety not later than Thursday 19 November.”’ 
Do not regard this as a guarantee of acceptance! 
The idea is to make possible the presentation of 
a small number of very recent achievements of 
very special importance. The abstracts of such 
post-deadline papers (if any) which are accepted 
will not be published: the titles will be mimeo- 
graphed and distributed at the registration desk, 
and the papers will be given at the end of 
Session M. 


Prospective meetings of the Society are sched- 
uled as follows: New York, January 27-29; 
Berkeley, California, February 3-5; Cleveland, 
Ohio, March 10-12; Washington, D. C., April 
28-30; Cambridge, Massachusetts, June 16-18; 
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Seattle, Washington, June 27-29. The deadline 
as a rule is fifty days in advance of the first 
day of the meeting. 


GENERAL RULES RELATING TO PAPERS 


The time allowed for the oral presentation of 
a contributed paper is ten minutes at most. The 
time allowed for the oral presentation of each 
invited paper is stated in the Bulletin. 

When two or more papers are contributed by 
the same member, all but one are placed on the 
“supplementary programme.” (A paper by two 
or more members is credited, for this purpose, 
to the person first named in its by-line.) For 
each paper on this programme a session is indi- 
cated, at the end of which it may be offered: 
but the presiding officer may require that it be 
given in fewer than ten minutes, or may read it 
by title. 

Titles and abstracts of the papers contributed 
to the Chicago meeting are printed in the fol- 
lowing pages. Proofs of the abstracts have not 
been submitted to the authors, and the proof- 
reading is always cursory because of the need 
for haste: but the authors have opportunity to 
correct their proofs before the abstracts appear 
in the Physical Review. Overlong abstracts 
sometimes appear in a form unexpected by the 
authors, because there is not time to consult 
them before the abstracts are amputated to fit 
the requirements stated on the summons card. 

Speakers must not forget to retrieve their 
lantern slides before leaving Chicago. The Local 
Committee is in no wise obligated to keep or to 
return them. 

K. Darrow, Secretary 
American Physical Society 
Columbia University 

New York 27, New York 
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EPITOME OF THE PROGRAMME 


FRIDAY MORNING 
Beta-radioactive substances. Breasted 272. 
. Nuclear apparatus, nuclear masses, nuclear theory. Mandel. 
. Optical physics. Eckhart 133. 
FRIDAY AFTERNOON, 2 P.M. 
D. E. Gray, W. H. Zachariasen, M. von Laue. Mandel. 


FRIDAY AFTERNOON, 4 P.M. 


. Bernard Waldman, R. D. Sard, C. W. Sherwin. Mandel. 
. E. R. Peck, J. M. Jauch. Kent Theatre. 


FRIDAY EVENING, 7 P.M. 


Dinner of the American Physical Society; E. Fermi. International House. 


SATURDAY MORNING 


. Symposium of the Division of Solid-State Physics. John Bardeen, J. S. Koehler, Frederick 
Seitz. Mandel. 
. Reactions of transmutation. Eckhart 133. 
K. General theoretical physics. M. Goldhaber. 


SATURDAY AFTERNOON 


Round-table discussion of the abstracting problem. Eckhart 202. 
. Cosmic rays; post-deadline papers, if any. Mandel. 
. Nuclear scattering and nuclear resonance. G. E. Pake. Eckhart 133. 


Liquid and solid states. Kent Theatre. 


Papers not classed elsewhere. Breasted 272. 


PROGRAMME 


FRIDAY MornNING AT 10:00 
Breasted 272 
(M. GOLDHABER presiding) 


Beta-Radioactive Substances 


Al. Absolute Determination of the Emission Rate of 
Beta-Rays.* R. K. CLarK AND G. Columbia 
University—The active material is mounted on a thin 
aluminum foil suspended in the center of a large stainless 
steel tank which is evacuated. With ionization thus elimi- 
nated, the observed current leaving the source structure 
is a measure of the number of electrons emitted per unit 
time. The current is measured by a compensation method 
using a Lindemann electrometer as a null instrument. The 
effects of the surroundings are studied by means of supple- 
mentary ‘‘screens” and ‘“‘cans” which are placed in turn 
around the source structure, with potentials up to 2900 
volts applied. This also gives some information about the 
low energy end of the spectrum of those particles which 


leave the source structure. The results for P® and S*5 are 
compared with values determined by other methods. 


* This abstract is based on work performed for the Atomic Energy 
Commission. 


A2. Shape of the Beta-Spectrum of RaE.* LAwrENcE M. 
LANGER, Indiana University —Many beta-disintegrations 
which involve periods and energies corresponding to for- 
bidden transitions apparently yield momentum distribu- 
tions which have allowed shapes. It seemed worth while, 
therefore, to remeasure the beta-spectrum of the forbidden 
transition in RaE to determine whether this distribution 
is really different from the allowed shape. The measure- 
ments were made in the 40-cm radius of curvature, 180° 
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focusing shaped field spectrometer! under very ideal con- 
ditions. The source, electrolytically separated from RaD 
from which the polonium had previously been extracted, 
was deposited on a backing of Zapon 0.02 mg/cm? thick. 
The source thickness was much less than 0.1 mg/cm?. The 
counters were filled with 9 cm of argon plus 1 cm of alcohol. 
For the measurements at the low energy end of the spec- 
trum, a counter with a Zapon window which transmits 
electrons down to 2.0 kev was used. The Fermi plot of 
the data is definitely not the straight line which is char- 
acteristic of an allowed transition. The present data are in 
remarkably excellent agreement with the results of Neary? 
down to 70 kev. The experimental conditions for the pres- 
ent measurements were essentially the same as those 
under which marked deviations from the Fermi theory were 
found for the allowed transitions in Cu®, Cu®, and N®. 


._* This work is supported by a grant from the Frederick Gardner 
Cottrell fund of the Research Corporation and by the joint program 
of the Office of Naval Research and Atomic Energy Commission. 

(1948) Lawrence M. Langer C. Sharp Cook, Rev. Sci. Inst. 19, 257 


2G. “7 Neary, Proc. A175, 71 (1940). 


A3. Screening and Relativistic Effects on Beta-Spectra. 
C. LonemirE H. Brown, Columbia University.—In 
interpreting data on beta-ray spectra, apparent deviations 
from the Fermi allowed form may be caused by neglect 
of the effect of screening by atomic electrons and by use 
of the non-relativistic approximation to the Coulomb 
factor. The effect of the screening on the Coulomb factor 
has been calculated approximately for arbitrary Z, using a 
method based on the Thomas-Fermi screened potential. 
The effect of screening is found to be an increase in the 
number of both positrons and electrons at low energies. 
Numerical results are given for S**, Cu®, and RaE. By use 
of a better approximation to the relativistic Coulomb cor- 
rection factor, the error incurred ‘by using the non-rela- 
tivistic form is estimated for various emitters. It is found 
that for sufficiently thin sources of Cu (for example) the 
neglect of the screening and relativistic effects contributes 
a considerable fraction of the apparent deviation from the 
Fermi theory. 


A4. A New Radioactive Isotope of Oxygen.* R. SHERR, 
H. R. MuETHER, AND M. G. Waite, Princeton University. 
—The radioactive gases produced by high energy proton 
bombardment! of nitrogen compounds have ex- 
amined. In addition to the well known C" aetivity, pro- 
duced by the reaction N““(p,«)C", a new positron activity 
of 76.5+2 sec. half-life was found. Chemical tests have 
shown that the latter is caused by an isotope of oxygen. 
Absorption measurements yielded a maximum energy of 
1.8+0.1 Mev for the positrons and an energy of 2.3 Mev 
for y-radiation. The absorption curves for both radiations 
appear to be simple, suggesting a decay scheme in which 
the y-ray is in cascade with the positron. A rough threshold 
measurement supports the assignment of this new activity 
to O'”. The absence of a positron transition to the ground 
state of N" indicates that this transition is forbidden, as is 
the similar transition from C“ to N™. Simple Coulomb 
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calculations show that O may make an allowed positron 
transition of 1.7 Mev to an excited state of N™ at 2.4 Mev, 
in excellent agreement with our observed values. 

* Assisted by the Joint Program of the Office of Naval Research and 
the Atomic Energy Commission. 


1Sherr, Muether, and White, Bull. Am. Phys. Soc. 23, No. 5, Ab- 
stract T7, 1948. 


AS. The Radioactive Decay of K*. J. J. FLoyp, C. D. 
CORYELL, AND L. B. Borst, Brookhaven National Labora- 
tory.—A sample of potassium chloride fourteenfold en- 
riched in K*° was obtained from the Stable Isotope Divi- 
sion of the U. S. Atomic Energy Commission. The partial 
disintegration constant for beta-ray emission was found to 
be (3.9+4.4)xX107- yr“. An absorption curve through 
aluminum was found to have a shape identical to that of 
RaE but having a maximum energy of 1.94.2 Mv. Con- 
siderations of stability of Ca*® as compared to A* lead to 
the assignment of the known gamma-ray of energy 1.5 Mv 
to the calcium transition. Recent determinations of argon 
concentrations in potassium bearing minerals by H. E. 
Suess, G. H. Cady, and us lead to a partial disintegration 
constant for argon formation of 0.3-0.8X107!° yr“. The 
disappearance of K*° is therefore thought to be character- 
ized by 7}=(1.3+.3)X 10° yr. 


A6. Disintegration of Mn* into the Isobar Fe. J. D. 
KURBATOV AND DoNALD GIDEON,* The Ohio State Uni- 
versity.—In addition to the already known disintegration 
of Mn* into the isobar Cr by orbital electron capture, a 
search has been made for disintegration into a second iso- 
bar Fe®™ by electron emission. Mn™ was removed with high 
specific activity from iron activated by deuterons, was 
aged and carefully purified. The study of a thin film of 
Mn* was made predominantly by cloud chamber. In 
2000 pictures no positron tracks were found. Electrons 
were observed in large number. The energy of the elec- 
trons was measured using 1800 tracks, and the upper 
limit evaluated as about 1.0+ Mev. The ratio of the num- 
ber of disintegrations by means of electron capture to 
electron emission was estimated as exceeding one thousand. 


* Present address: University of Notre Dame. 


A7. An Investigation of Bremsstrahlung by Means of 
the Nuclear Isomerism of Indium. WALTER C. MILLER 
AND BERNARD WALDMAN, University of Notre Dame.— 
The metastable state of In'® has been used as a detector 
of a narrow energy band in the continuous x-ray spectrum 
produced by a. monoenergetic electron beam on gold tar- 
gets. The thin target x-ray isochromat (hv=1.04 Mev) 
has been investigated in the neighborhood of the short 
wave-length limit. This isochromat is finite at the thresh- 
old and constant for at least 400 kev. This is in agreement 
with Guth’s theory and verifies the assumption that the 
excitation of In"™5* is a line absorption. Both the thin 
target and thick target x-ray excitation curves for In™® 
have been obtained in the region from 1.0 to 2.6 Mev. The 
thin target curve exhibits a step-like character from 1.0 
to 1.9 Mev. The thick target curve below 2.0 Mev exhibits 
straight-line segments as expected from the thin target 
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curve, but above 2.0 Mev there are no straight line seg- 
ments, in good agreement with the thin target data and 
theory. The over-all cross section (per electron incident on 
a 34 mg/cm? gold target) is 10-* cm? in the region of the 
threshold. Evidence is presented for the existence of a 
lower activation level between 0.8 and 0.9 Mev with an 
over-all ctoss section (for a similar target) of the order of 


10-36 cm. 


A8. Nuclear Isomerism of Selenium Produced by 
X-Rays. D. N. GipEon, W. C. MILLER, AND B. WALDMAN, 
University of Notre Dame.—The metastable state of se- 
lenium assigned! to Se’?7* has been produced in metallic 
selenium by x-rays from the Notre Dame pressure electro- 
static generator. The sample was irradiated for two min- 
utes by x-rays from a thick gold target bombarded with 
an electron beam of approximately 100 microamperes. 
The activity of the Se7”* decayed with a half-life of 17.5 
+1.0 seconds.? An excitation curve and an absorption 
curve for the conversion electrons in aluminum were 
obtained. The excitation curve, which extends over the 
* range 0.76 Mev to 2.2 Mev, indicates that measurable 
activity is produced with an electron energy of 0.76 Mev. 
The curve has an abrupt change of slope at the energy 
1.45+.05 Mev; this is interpreted as an energy level in 
selenium at 1.45 Mev. From the absorption curve the 
energy of the conversion electrons appears to be 135+15 
kev, in agreement with the measured? gamma-ray energy 
of ~150 kev. 


1M. Goldhaber and C. O. Muehlhouse, Bull. Am. Phys. Soc. 23, 56 


(1948). 
2J. R. Arnold and N. Sugerman, J. Chem. Phys. 15, 703 (1947). 


A9. Radiations from Cd!" and *In"5.+ C. E. MANDE- 
VILLE, M. V. ScHERB,ff AND W. B. KeEiGcuton, Bartol 
Research Foundation.—Metallic cadmium was irradiated 


by slow neutrons for one hour in the Oak Ridge pile. After - 


chemical purification, the cadmium fraction was found to 
emit the characteristic 1.03-Mev beta-rays and 0.6-Mev 
gamma-rays of the 2.5-day Cd"*. The beta-gamma co- 
incidence rate was observed to decrease from an extrapo- 
lated value of 0.093X10-* coincidence per beta-ray at 
zero absorber thickness to zero at 0.14 g/cm? in aluminum, 
indicating an inner beta-ray group at 0.46 Mev and that 
the high ‘energy spectrum is non-coincident with any 
gamma radiation. A small gamma-gamma coincidence rate 
was noted in the cadmium fraction. Coincidence measure- 
ments showed that the 4-hour isomer of indium (115) 
decays with the emission of a single partially converted 
gamma-ray. These coincidence data confirm the level 
diagram presented by Lawson and Cork.! 


+ Assisted by the joint haired of ONR and the AEC. 
Tt Now at Princeton Univers 
1 Lawson and Cork, Phys. ion 37, 982 (1940). 


Al0. The Beta- and Gamma-Radiation of Ta'**.* 
Louis A. BEacH, CHARLES L. PEACOCK, AND ROGER G. 
WiLxinson, Indiana University.—A survey of the radia- 
tions of Ta1® has been made down to energies of the order 
of 3 kev with a small 180° spectrometer. The beta-ray 
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spectrum is complicated by the presence of at least 20 
conversion lines. A Fermi plot of the beta-rays is a straight 
line down to about 0.25 Mev and yields an end point at 
0.525 Mev. To facilitate the assignment of the gamma-ray 
energies, the photo-electrons ejected from a thin lead 
radiator were studied. Fourteen peaks occur below 0.25 
Mev as well as 5 lines above 1 Mev. The high energy lines 
are caused by three gamma-rays of energies 1.13, 1.22, 
and 1.24 Mev. The assignment of the low energy gamma- 
rays by an analysis of the conversion lines and photo- 
electron peaks is attempted, with fair agreement with 
Cork’s! results. However, even with the added information 
obtained from the photo-electron lines and the relative 
intensities, it is difficult to make a unique determination in 
some cases. No attempt is made to suggest a decay scheme 
for the numerous gamma-rays so obtained. 


* Assisted by the joint | _ace of the Office of Naval Research and 
Atomic Energy Commiss: 
1M. Cork, Phys. Rev. 72, "581 (1947). 


All. The Radiations of W'* and Au™ in the Low En- 
ergy Region.* CHARLES L. PEACOCK AND ROGER G. WIL- 
KINSON, Indiana University—The use of a very thin 
window G-M tube detector in a small 180° spectrometer 
has made it possible to extend our study of W'*’ to energies 
down to 3 kev. We find conversion lines corresponding to 
two gamma-rays having energies of 0.078 and 0.138 Mev. 
This agrees with the results of Valley, obtained with 
photographic plate detection, with the exception of a 
gamma-ray at 0.101 Mev which we could not find. Further- 
more, the photo-electron line previously assigned* as a K 
photo-line corresponding to a gamma-ray of 0.21 Mev now 
appears to be the L line caused by the gamma-ray at 0.138 
Mev. This correction tends to corroborate the tentative 
decay scheme previously given. Au! resulting from the 
decay of Pt!®*, produced by the m-y reaction on Pt! in the 
Oak Ridge pile, has also been studied. All of the radiations 
lie below 0.32 Mev. Superimposed upon the continuous 
beta-ray spectrum are 9 conversion lines that may be 
attributed to 4 gamma-rays having energies of 0.025, 
0.052, 0.164, and 0.214 Mev. The Fermi plot of the beta- 


rays is non-linear and has an end point at 0.32 Mev. 
* Assisted by the joint program of the Office of Naval Research and 
Atomic Energy Commission. 
+o = Valley, Phys. Rev. 59, 686 (1941). 
2C. L. Peacock an and R. G. Wilkinson, Phys. Rev. 74, 297 (1948). 


Al2. The Gamma-Rays Following (§-Decay. 
D. SAXON AND R. HELLER, Argonne National Laboratory.— 
The internal conversion spectrum following 6-decay 
has been carefully covered partically at low energies. We 
find no trace of the 0.157 and 0.208 Mev y-rays reported 
by Levy and Greuling,! and Dumond, Lind, and Watson,? 
as present in 15 percent ratio to the 0.411-Mev y-ray. 
From our statistical errors, and assuming electric multi- 
pole radiation, the lower limit for detection of the y’s is 
1 to 4 percent. This checks the recent work of Peacock and 
Wilkinson,* who suggest Hg!*? as the impurity giving the 
low energy y-rays. The K and L lines given the energy of 
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the single y-ray as 415+5 kev. The conversion coefficients 
are: 

K 


415 kev 3.56 percent 1.32 percent 4.88 percent 2.69 


E(y) K L+M 


From the K to L ratio and the curves of Hebb and Nelson, 
the spin charge of the y-ray is found to be 3. 


Levy and E. Phys. Rev. 83 (1948). 
2J. W. M. DuMond, D. A. Lind, and B. B. Watson, Phys. Rev. 
73, 1392 (1948). 
. Peacock and R. G. Wilkinson, Phys. Rev. 74, 297 (1948). 
4M. H. Hebb and E. Nelson, Phys. Rev. 58, 486 (1940). 


FRIDAY MorNING AT 10:00 


Mandel Hall 


(S. K. ALLtson presiding) 


Nuclear Apparatus, Nuclear Masses, Nuclear Theory 


B1. Survey of Nuclear Energy Possibilities. Cec B. 
ELLs, Office of Naval Research.—In devising a new nuclear 
power source the fundamental problem would be to obtain 
a sufficient number of suitable projectiles cheaply. At 
least 10° per sec. are needed and probably many more. 
These projectiles must be either electrically or thermally 
accelerated by external equipment, or generated by the 
nuclear reaction (or a combination of the two). The solu- 
tions to be sought fall into three groups: (a) charged- 
particle bombardment systems of high yield, (b) new 
nucleon-rearrangement chain reactions, and (c) new funda- 
mental-particle transformations yielding potent projectiles. 
Avenues of approach in each of these categories will be 
discussed. 


B2. Nuclear Reactor at Brookhaven National Labora- 
tory. LyLE B. Borst.—Construction of the Brookhaven 
reactor is progressing well and initial operation is expected 
early in 1949. The reactor is an air-cooled unit constructed 
of graphite and unenriched uranium. The maximum ther- 
mal neutron flux is expected to be 5X10" neutrons per 
square centimeter per second. The experimental facilities 
include one twelve-inch square hole penetrating the reactor 
structure and a number of four-inch square holes extending 
through the reactor and both shields. Equipment may be 
* inserted in these holes or they may be used as sources of 
collimated neutron beams. The top shield Consists of re- 
movable four-foot square blocks to accommodate thermal 
columns and large equipment to utilize the thermal 
leakage neutron flux in excess of 10" neutrons per square 
centimeter per second. The ancillary facilities include a 
specially designed laboratory building for research in 
physics, chemistry, biology and medicine and a hot 
laboratory capable of handling up to fif ty curies of two Mev 
gamma-emitters. 


B3. Betatron Model. D. W. Kerst, G. D. ApDaAms, 
H. W. Kocn, C. S. Rosinson, University of Illinois.— 
A 70-Mev model for the 300-Mev betatron is operating. 
It was constructed to test field shape, flux-biasing,' uni- 


directional excitation, and flux forcing. The field exponent, 
n, is 1 at the injection radius, 0.25 at the wall 3.6 cm within, 
and 0.5 at the orbit. Vertical space is 2.0 cm. Increasing n 
at injection by coils on the poles does not alter the yield 
appreciably. Field inhomogenities at injection time are 
generally less than 0.1 gauss. This is accomplished by sepa- 
rating the biased flux yoke from the field magnets, and by 
carrying all iron in the field magnets through the same 
magnetic cycle. Electrons can be injected as early as 8 
microseconds after the unidirectional pulse starts. The 
field at the 26 cm orbit radius reaches 9200 gauss and is 
forced to be closely proportional to the central flux by 
parallel connection of field and flux coils. X-ray yield is 
about 10-*R per pulse at 1 meter. A section of the flux 
yoke is reserved for radiation compensation. Much of the 
component work has been done by other members of the 
betatron staff. 


1D. W. Kerst, Phys. Rev. 68, 233 (1945). 


B4. Low Energy Radiations in Proportional Counters. 
G. C. Hanna, B. PonTECoRVO, AND D. H. W. Kirkwoop, 
Chalk River Laboratories.—The proportional counter tech- 
nique for the investigation of low energy radiations has 
been developed. Argon-methane and xenon-methane gas 
mixtures have been used in a variety of counters. The 
pulse energy spectrum is recorded on a thirty-channel 
pulse analyzer. Reference will be made to the problems of: 
(1) the energy resolution achievable (statistical and instru- 
mental limitations); (2) the useful range of gas multiplica- 
tion; (3) amplifier design (noise level and paralysis when 
investigating the low energy component of an extended 
spectrum). L-orbital electron capture has been observed: 
argon*’ was introduced into the counter and energy peaks 
corresponding to the capture of K and Ly electrons have 
been observed. A preliminary investigation of the tritium 
spectrum is in accord with the work just published by 
Curran et al.? In this field two complementary methods of 
calibration are available, characteristic x-rays fired into 
the counter from outside and the introduction of argon™ 
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into the counter itself. Other uses of this technique include 
the investigation of soft nuclear gamma-radiations, iso- 
meric transitions, and various x-ray problems. 


1 Kirkwood, Pontecorvo, and Hanna, Phys. Rev. 74, 497 (1948). 
2 Curran, Angus, and Cockcroft, Nature 162, 302 (1948). 


B5. Temperature Dependence of Efficiency of a Naptha- 
lene Scintillation Counter. R. S. CLAASSEN AND R. W. 
Boom, University of Minnesota* (Introduced by John H. 
Williams ).—In investigating the efficiency of a napthalene 
crystal as a gamma-ray detector! a strong dependence of 
efficiency (total counts above noise level) upon tempera- 
ture of the crystal has been found. The napthalene crystal, 
which had been prepared by slow cooling, was held at 
several temperatures while the 931A photomultiplier tube 
was held at dry ice temperature to reduce dark current 
background. The pulses from the tube were amplified by 
a linear amplifier and counted by a 10-channel discrimina- 
tor. Using a radium source the ratio of the efficiency (total 
counts) for the crystal at —70°C to the efficiency at 0°C 
was 1.4. The ratio of efficiencies: between —180°C and 
0°C was 2.2. The shape of the pulse height distribution 
curve was the same for the various temperatures within 
experimental error. This would indicate that these ratios 
could be obtained using a simple discriminator at a single 
setting. An arrangement in which the tube and crystal 
were cooled together and a single discriminator was used 
to count the pulses gave the above ratios within experi- 
mental error. 


* This work was supported in part by the Office of Naval Research 
1H. Kallmann, Natur. and Technik (July, 1947). 


B6. A New Proton Spectrometer. E. M. HAFner, W. F. 
DONOGHUE, AND H. SNYDER, Brookhaven National Labora- 
tory.*—For the purpose of obtaining accurately focused 
lines from particle groups produced in nuclear reaction, a 
new type of focusing geometry has been studied. It con- 
sists of a uniform magnetic field covering a half-plane with 
target and photographic emulsion detector located in the 
field-free region. A monokinetic group of particles comes to 
second-order focus at some point on a line depending on 
incident energy and the Q of the reaction, after a deflection 
of about 110°. A group of particles which, as a result of 
finite recoil of the target nucleus is not homogeneous in 
energy over the aperture, comes to second-order focus at 
some point on a different line, depending upon the masses 
of the particles involved and the angle of observation. In 
the case of reactions involving nuclei of mass less than 20, 
the shift of the focal line with one unit change in mass can 
easily be observed as a change in the characteristic shape of 
the focused line. It is, therefore, possible to assign data to a 
particular isotope and, in addition, to work with chemically 
impure targets without ambiguity. Such an instrument 
should lead to further developments in the technique of 
nuclear spectrometry, and a design which will handle a 
maximum proton energy of 10 Mev is under way for use 
with the Brookhaven Van de Graaff. 


* Research carried out under the auspices of the Atomic Energy 
Commission at Brookhaven National Laboratory. 


B7. On Making Thin Nylon Films. J. RicHarps, 
J. Brown, F. Fe.ser, D. Saxon, Argonne National Labora- 
tory.—We wish*to report our method for making thin 
Nylon films by dropping an appropriate solution onto 
water in the manner used commonly for Collodion, Zapon, 
and Formvar. Nylon will dissolve in isobutyl alcohol with 
sufficient concentration if heated to boiling water tempera- 
ture. Care in heating will help to eliminate troublesome 
air bubbles. The water used should be distilled and kept 
in a dust-free environment. The pH of the water should. 
be checked and if found as much as 1 unit acid or basic, 
neutralized. This is necessary to allow complete and uni- 
form expansion of the film on the water surface. A single 
drop on water will give a film ~0.01 mg/cm?. Multiple 
layers can be easily made to eliminate microscopic pin- 
holes. Such films have been successfully used on a B- 
spectrometer counter. 


B8. Packing Fractions of the Nickel Isotopes. A. E. 
SHAw, Argonne National Laboratory.—The packing frac- 
tions of the nickel isotopes have been measured using a 
double-focusing mass spectrograph equipped with the 
new ion source previously described.! A hydrocarbon com- 
parison line was provided for each of the nickel isotope 
lines by introducing benzene vapor directly into the ioniza- 
tion chamber. Thus both the nickel vapor and the benzene 
vapor were ionized simultaneously by the same 600-volt 
electrons. Second-order spectra were photographed to 
obtain a comparison line for *8Ni since no line correspond- 
ing to m/e=58 has been observed with benzene. First- 
order spectra contained the four doublets which were 
used for the measurements of Ni, ™Ni, @Ni and “Ni. 
Each value of doublet separation was the result of five 
separate measurements that were reproducible to +0.002 
mm. Table I gives a summary of the packing fractions 
(X10). The results of Okuda? will be discussed. 


TABLE I. 


Number of 


Doublet doublets 


10 
9 
®Ni—2CsHe 10 
7 


1A. E. Shaw, Phys. Rev. 73, 1222 Sg 
2 T. Okuda et al., Phys. Rev. 59, 104 (1941). 


B9. On the Origin of the Elements. R. A. ALPHER AND 
R. C. Herman, Johns Hopkins University,* anp G. A. 
Gamow, George Washington University.—Continuing pre- 
liminary work on the neutron-capture theory of the rela- 
tive abundance of the elements,! we have investigated in 
greater detail the following cases: (1) the building-up of 
the elements taking into account neutron decay but not 
the universal expansion? gives a better fit to the abundance 
data than previously reported,'! and requires an initial 
neutron density of 5X10-® gm/cm!’; (2) the building-up 
of deuterium only, with both neutron decay and universal 
expansion included? yields a matter density p= 7.2 X 10-%-4 


F:-Fi Fi 
24.9631 —8.29 +0.07 

11.9033 —8.69 +0.08 
13.2431 —8.75 +0.08 
; 14.7416 —9.01 +0.05 

16.0200 —8.62 +0.08 
1 
1 
1 
y 
f 
9 
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gm/cm? if the parameters are adjusted to give a relative 
concentration 0.5 for hydrogen. We have also interpreted 
the extremely low relative abundances ‘of some of the 
light elements on the basis of thermonuclear reactions fol- 
lowing the main building-up process in an expanding 
universe.‘ Finally, impressed with the large relative abun- 
dances of the elements in the vicinity of iron, we are led 
to suggest that they may have been caused by the thermal 
evaporation of particles from the various nuclear species, 
the relative rates depending on the binding energy per 
particle. 


*A gg of this work was supported by the U. S. Navy, Bureau of 


Ordna 
1 Alpher, Bethe, and Gamow, Phys. Rev. 73, 803 (1948); and R. A. 


Alpher, Phys. Rev. (in press). 
2R. A. Alpher and R. C. Herman, Phys. Rev. (in press). 
3G. A. Gamow, Nature (in press). 
4 Alpher, Herman, Gamow, Phys. Rev. (in press). 


B10. Principle of Regularity and Continuity of Nuclear 
Series. WILLIAM D. HARKINS AND MARTIN POPELKA, JR., 
University of Chicago and Universal Oil Products Com- 
pany.—In papers between 1915 and 1923 (eg., W. D. 
Harkins, Phil. Mag. 42, 305 (1931)) it was shown that a 
plot of the stable atomic species revealed that the general 
pattern is the same as that exhibited by the radioactive 
series. In that year this principle was used in a chart 
(J. Frank. Inst.) which predicted the nuclear species of 
all of the elements. For the even He-Th series of mass 
4w, 27 species were known and 51 were predicted, and for 
the U, 4w+2 series, 16 were known and 51 predicted, be- 
tween atomic numbers 2 and 80. Of these predicted species 
almost every one is now known. Members of these even 
series have even isotopic numbers, and every species ex- 
hibits an even atomic number. There are now known 83 
members of the He-Th series; and 77 of the U series of a 
higher isotopic number than zero, 160 species in all. 
Although between these 160 species there are 131 vacancies 
(J, even; protons, odd; neutrons, even) not a single one 
of these is known. 

B11. An Interpretation of Nuclear Shell Structure.* 
EUGENE FEENBERG AND KENYON C. HAMMACK, Washing- 
ton University.—Certain numbers of neutrons and of pro- 
tons are associated with particularly stable and abundant 
nuclear systems.!~* These numbers correlate in an inter- 
esting fashion with the degeneracy of energy levels in the 
model of free particles in a potential well having a central 
depression for light nuclei (N or Z=20) and a central 
elevation (wine bottle shape) for heavy nuclei.! The 
Coulomb force between protons, acting in opposition to 
the uniformizing action of the specifically nuclear forces 
causes the particle density in heavy nuclei to vary from a 
minimum value at the center to a maximum near the 
boundary.® ® This effect provides a qualitative explanation 
of the central elevation, since the low interior particle 
density is correlated with a small contribution from that 
region to the expectation value of the specifically nuclear 
interaction energy. The spins, magnetic moment, quadri- 
pole moments and radioactive transitions of nuclei with a 
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small number of particles outside of closed shells or missing 
from closed shells provide valuable corroborative evidence 
on the angular momentum and parity of the single particle 
levels.*:7 


* Research supported in part by U. S. ees \ ame N6ORI117 
1W. Elsasser, J. de phys. et rad. 5, 625 (19 

2 E. Wigner, Phys. Rev. 51, 947 (1937). 

3W. H. Barkas, Phys. Rev. 55, 691 (1939). 

4M. G. Mayer, Phys. Rev. 74, 235 (1948). 

5 E. Feenberg, Phys. Rev. 59, 593 (1941). 

6 E. Wigner, Bicentennial Symposium, University of Pennsylvania 


(1940). 
7D. R. Inglis, Phys. Rev. 53, 470 (1938). 


B12. Consequences of Generalized Meson Field Theo- 
ries. ALEX E. S. GREEN, University of Cincinnati.—lIf a 
meson field theory is generalized to admit in the field 
Lagrangian all the derivatives of the field coordinates up 
to the oth in the manner previously noted,! then we may 
expect that in the final expression for the interaction en- 
ergy of nucleons the usual meson potential will be replaced 
by a sum of o meson potentials, where the meson masses 
and the relative couplings are given uniquely by algebraic 
relationships involving the constants appearing in the 
field Lagrangian. We find in several important cases that 
the relative couplings are such that not only are the in- 
admissible R~* and R~ singularities removed but also, in 
three or four meson theory, the objectionable R™ singu- 
larity. Examples are cited. A closely related result is the 
fact that generalization justifies the cutting off of short 
wave-lengths in the evaluation of the interaction, and 
self-energy integrals. 


1A. Green, Phys. Rev. 73, 519 (1948). 


B13. Fluctuations in Energy Loss of Fast Charged 
Particles Passing through Matter. K. R. Symon, Wayne 
University.*—Given the probability x(Z’,E)dE’dt that a 
particle of energy E suffers a loss of energy between EZ’ and 
E'+dE’ in going a distance dt, we ask for the probability 
P(E,E°,t)dE that a particle of initial energy EZ°® has an 
energy between E and E+dE after traveling a distance ?. 
Differential equations are obtained for the average energy 
(E)w, and the central moments ((AE)")w, in terms of the 
moments x,(E)=((E’)")w of the function x(EZ’,E). An 
approximation is made which is valid for heavy particles 
for thicknesses ¢ up to 85 percent of their range. The equa- 
tions can then be solved. The resulting integrals have been 
evaluated numerically, and curves constructed from which 
(E)w, ((AE)*)ay, and ((AE)*)a4, can be determined for thick- 
nesses up to 85 percent of the range, for mesons or protons 
with kinetic energies from 0.01 to 10 times their rest 
energies. Curves for mean range (R)y and for ((AR)*)w 
and ((AR)*)sy vs. E° have also been computed. The proba- 
bility distribution function P(EZ,E°,t) can be fairly well 
represented for this range of energies and thicknesses by a 
one-parameter family of curves. The range-energy curve 
agrees, where it overlaps, with those given by Livingston 
and Bethel, and by Wheeler and Ladenburg.? 


* This work was done at Harvard University under a National Re- 
search Council Predoctoral Fellowship. 

1 Rev. Mod. Phys. 9, 245 (1937) 

2 Phys. Rev. 60, 756 (1941). 


Cl. Vibrational Spectra of Some Tribromomethanes. 
SHIRLEY E. RossErR* AND Forrest F. CLEVELAND, IIlinois 
Institute of Technology.—As part of an investigation of 
molecules of the type CBrsX (where X is hydrogen, deu- 
terium, or one of the halogens), Raman frequencies, semi- 
quantitative relative intensities, and quantitative de- 
polarization factors have been obtained for CBr3H, 
CBr;Cl, and CBr,. For CBr3;H, the sample was in the 
liquid state; for CBr., the sample was in solution in carbon 
tetrachloride and in benzene; and for CBr;Cl, the spectra 
were also obtained for carbon tetrachloride and benzene 
solutions, but in this case it was necessary to add 5 percent 
of amylene to prevent the solution from turning brown. 
In the determination of the depolarization factors, both 
components were obtained simultaneously by means of a 
split-field Polaroid disk. A series of eight calibration marks 
was placed on each plate and separate calibration curves 
were prepared for each line. The intensities were obtained 
by use of a microdensitometer and corrections were made 
for the polarization at the prism of the spectrograph and 
for convergence errors. Infra-red absorption spectra were 
obtained also for the same samples used in the Raman 
spectra work, using an automatic, self-recording spec- 
trometer with a rock-salt prism. The region covered in the 
infra-red measurements was from 700 to 4000 cm™. 

* Now at Lynchburg College, Lynchburg, Virginia. 


C2. Force Constants for the CBr;H, CBr;D and CBr 
Molecules. ARNOLD G. MEIsTER, Illinois Institute of 
Technology.—Using the Wilson FG matrix method it was 
found that of the fifteen force constants required for the 
potential energy function of CBr;H and CBr;D one had 
to be made zero, while for two others only a value of a 
linear combination of the two could be obtained. The 
vibrational frequencies were calculated for both molecules 
using the same set of force constants and the agreement 
with the observed values was within 2 percent. However, 
in order to improve the agreement, six force constants had 
to be modified so that all the force constants for both mole- 
cules are no longer the same. In order to obtain exact agree- 
ment between the calculated and observed values of the 
fundamental frequencies for CBr,, it was found that of 
the seven force constants required only two could be 
transferred from the other molecules. In almost all cases 
the force constants are in good agreement with the values 
given by Decius! except where he assumed the force con- 
stant concerned was equal to zero. 
1J. C. Decius, J. Chem. Phys. 16, 214 (1948). 


C3. The Vibrational Spectra of Some Trichloromethanes. 
James P. ZrETLow, Forrest F. CLEVELAND, AND ARNOLD 
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G. MEISTER, Illinois Institute of Technology.—As part of 
an investigation of molecules of the type CCI;X (where X 
is hydrogen, deuterium, or one of the halogens), Raman 
requencies, semi-quantitative relative intensities, and 
quantitative depolarization factors have been obtained 
for CClsH and CCl;Br in the liquid state. In the deter- 
mination of the depolarization factors, both components 
were obtained simultaneously by means of a split-field 
Polaroid disk. A series of eight calibration marks were 
placed on each plate, and the measurements were made 
by use of a Gaertner microdensitometer. A more detailed 
description of the method has been given elsewhere.! The 
depolarization factor measured for the 718 cm in CCI;Br 
is rather high for an A; vibration and may be due to a 
superposition of this fundamental with the combination 
band (295+420) cm. Also a large difference exists for 
CC1;Br between the value given by Delwaulle and Francois 
and the present value for the depolarization factor of the 
247 cm™ line. A potential energy function containing only 
terms of the second degree and requiring fourteen force 
constants was used to calculate the frequencies for CCl;sH 
and CCl;D. The calculated and observed values agree to 
within two percent. 


1 Forrest F. Cleveland, J. Chem. Phys. 13, 101 (1945). 


C4. Vibrational Spectrum of Hexachloroethane. RosE A. 
CARNEY* AND Forrest F. CLEVELAND, Illinois Institute 
of Technology—Raman frequencies, relative intensities, 
and depolarization factors have been obtained (in saturated 
solutions in carbon tetrachloride and ethyl alcohol) for 
hexachloroethane, using Hg 4358A for excitation. Although 
much previous data have been obtained for this molecule, 
there was uncertainty in regard to some of the frequencies, 
the intensities were mostly visual estimates, the depolariza- 
tion data were not obtained by a very reliable method, and 
no infra-red data were were recorded in the literature. The 
results of this investigation to date are compared with 
those of previous workers in the Table I: 


TABLE I. 

Frequency Relative intensity | Depolarization factor 

Others Hamilton Carney | Hamilton Carney} Hamilton Carney 
144 162 164 vw 1 P * 
220 223 225 45 42 0.80 0.86 
340 340 339 37 56 0.86 0.87 
432 431 434 100 100 0.15 0.01 
858 859 858 22 16 0.81 0.83 
978 975 977 3 3 0.35 * 


The symbols vw and P mean very weak and polarized, re- 
spectively. A hundred-hour exposure is being made to 
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obtain reliable depolarization factors for the weak lines 
indicated by the symbol**. 


* Now at St. Procopius College, Lisle, Illinois. 


CS. Infra-Red Absorption Spectrum of Dimethyldi- 
acetylene. Forrest F, CLEVELAND, Illinois Institute of 
Technology, AND K. W. GREENLEE AND E. E. BELL, Ohio 
State University —The infra-red absorption spectrum of 
freshly prepared dimethyldiacetylene ‘has been obtained 
for the vapor existing above the solid or liquid at tempera- 
tures of 25°, 40°, 60°, 80°, 85°, and 110°; for the gas at 
130°C; and for CCl, and cyclohexane solutions. A Beck- 
man IR-2 spectrophotometer with rock-salt optics was 
used. With the gas or vapor, two strong, seven medium, 
four weak, and two very weak bands were observed; and 
with the CCl, solution, two strong, six medium, three 
weak, and one very weak bands were obtained. The non- 
degenerate frequencies for this molecule had been calcu- 
lated previously by Meister and Cleveland! using the 
Wilson FG matrix method, and the results for the A: 
frequencies were compared with the Raman frequencies 
observed by them. At that time, however, no observed 
infra-red frequencies were available for comparison with 
the calculated A» frequencies. The calculated values of the 
Az frequencies were 903, 1368, 2131, and 2946 cm™; the 
corresponding observed values for the CCl, solution were 
940, 1369, 2157, and 2920 cm™; and for the gaseous state 
the observed values were 941, 1379, 2163, and 2947 cm™. 


1 Arnold G. Meister and Forrest F. Cleveland, J. Chem. Phys. 15, 
349 (1947). 


C6. Thermodynamic Properties of Diiodoacetylene and 
Some Symmetrical-Top Acetylenes. JosEPpH S. ZIOMEK* 
AND Forrest F. CLEVELAND, Illinois Institute of Tech- 
nology.—The heat content, free energy, entropy, and 
heat capacity of diiodoacetylene, methylchloroacetylene, 
methylbromoacetylene, methyliodoacetylene, and methyl- 
deuteroacetylene have been calculated, to a rigid rotator, 
harmonic oscillator approximation, for the ideal gaseous 
state at 1 atmos. pressure, from their respective boiling 
points to 1000°K. The functions were calculated using 
Meister’s frequency assignments, which were based upon 
the Raman spectra for the liquid state or in solution, for 
all of the substances except methyldeuteroacetylene, for 
which the fundamental frequencies were those calculated 
by Meister using the Wilson FG matrix method, with force 
constants transferred from methylacetylene. Nuclear spin 
and isotope mixing were neglected in the calculations. The 
internuclear distances and the bond angles needed for 
calculation of the moments of inertia, used in getting the 
rotational and translational contributions, were those 
given in Meister’s paper. 


* Now at De Paul University, Chicago, Illinois. 
1 Arnold G. Meister, J. Chem. Phys., October 1938. 


C7. Vibrational Spectra of Trans-Dichloroethylene. 
E. KreuscH AND J. S. Z1iomEK, De Paul University, AND 
Forrest F, CLEVELAND, Illinois Institute of Technology.— 
Using previously described methods,! Raman displace- 
ments, relative intensities, and depolarization factors for 
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trans-dichloroethylene (CIHC=CHC1) in the liquid state 
were found to be: 350 (100) 0.61; 711 (3) 0.47; 763 (23) 
0.86; 846 (42) 0.40; 1274 (77) 0.52; 1578 (55) 0.33; 1634 
(5) 0.72; 1693 (6) 0.48; 3073 (37) 0.43; and 3141 (4) 0.61, 
where the first figure is the Raman displacement in cm™, 
the figure in the parenthesis is the relative intensity meas- 
ured with a microdensitometer, and the third figure is the 
depolarization factor. Trumpy and Paulsen have suggested 
that the 3141 cm™ line is depolarized, but the present 
results show that the 763 cm™ line is the only depolarized 
line. In addition, the following frequencies have been ob- 
served in the infra-red absorption spectrum of the liquid: 
691 (s), 767 (vw), 838 (vvs), 894 (vvs), 1070 (vw), 1200 
(vvs), 1303 (vw), 1386 (vvw), 2100 (vvw), 2642 (vvw), 
2642 (vvw), 3064 (s), and 4255 (vvw), where the symbols 
vvs, Ss, vw, and vvw are intensity estimates meaning very, 
very strong; strong; very weak; and very, very weak, 
respectively. Emschwiller and Lecomte? have reported 
frequencies for the liquid at 754, 812, 965, 1054, and 1164 
cm™!, The agreement between the two sets of infra-red 


‘ data is not very satisfactory. 


1 Forrest F. Cleveland, J. Chem. Phys. 11, 1 (1943); 13, 101 (1945). 
2G. Emschwiller and J. Lecomte, J. de phys. et rad., 8, 130 (1937). 


C8. Near Ultraviolet Absorption Spectrum of Hydro- 
quinone Catechol and Resorcinol Vapor. Cart A. BECK, 
Catholic University of America.—Frequencies of the main 
bands: about 75 in each case, of these compounds have 
been measured, with a rough ordering of intensities. The 
0,0 band is indicated in each case. Some main frequencies 
to both sides of the 0,0 are found, making it possible to 
date, to assign some frequency separations in the lower 
and upper electronic states, referred to the 0,0 chosen. 
These exposures were taken with excess material in the 
side arm, but to further confirm the 0,0 selections, experi- 
ments with a constant number of molecules to show the 
temperature effect alone, are now in progress. 


C9. Excitation of Mercury Vapor by Positive Alkali Ions. 
Haron E. CLark, Washington University.*—For investi- 
gation of the efficiency of excitation of the Hg 2537 line 
by positive ion bombardment, filamentary sources of 
lithium and potassium ions were made of the “‘ion-glasses.””! 
Currents as high as 100 microamperes were obtained from 
an ion gun of semicylindrical design. Mercury vapor was 
bombarded by ions of 100 to 1000 ev; the excitation radia- 
tion was photographed according to the precautions neces- 
sary for quantitative spectrophotography. The Hg 2537 
line was excited most efficiently by 450 ev lithium ions and 
700 ev sodium ions. The energy vs. efficiency curve for the 
former agrees fairly well with similar data of Jones.’ 
The efficiency curves appear to be more velocity de- 
pendent than energy dependent. The extrapolated thresh- 
old energy for excitation of the mercury line by sodium 
ions is 90 ev; the onset of ionization for the same collision 
has been determined as 88+4 volts.’ 


* Now at Union College, Schenectady, New York. 
1J. P. Blewett and E. J. Jones, Phys. Rev. 50, 464 (1936). 


2E. J. Jones, Phys. Rev. 44, 707 (1933) 


3R. N. Varney and W. C. Cole, Phys. Rev. 50, 261 (1936). 
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C10. The Intrinsic Efficiency of Fluorescence Excited 
by Electron Bombardment. R. L. Loncini, Westinghouse 
Research Laboratories—The cathodoluminescence process 
comprises a number of individual steps, each consisting 
of a small energy loss by the primary electron and the 
associated excitation of a lattice electron, the latter giving 
rise to a light quantum when it falls to its normal state. 
Though over-all values for the efficiency of luminescence 
are of engineering interest, the physicist is more likely to 
be concerned with the intrinsic efficiency of the elementary 
process. The efficiency of these processes was evaluated 
from experiment by taking the derivative of the light 
generated with respect to the electron energy absorbed by 
the phosphor crystal. These were large enough so that 
there was negligible electron penetration and thus light 
was generated in the same crystals at all voltages. By 
calculating the relevant structure of the phosphor layer, 
corrections were made for electrons passing between crys- 
tals. The various corrections needed because of the alumi- 
num backing were made and light losses were calculated. 
The efficiency is found to be up to 28 percent for zinc- 
cadmium sulfide when the electrons have 15 kev energy, 


a value several times as high as the previously reported 
efficiencies. 


Cll. Field Measurement of Average Optical Trans- 
mission. EpwarRD E. MILLER, University of Wisconsin.— 
One of the physical problems arising in agricultural re- 
search is the measurement of the sunlight transmitted to 
the ground through various standing crops. Because of 
local patches of light and shade, some method of averaging 
is required. This problem has been solved by electronic 
integration of the current passing a vacuum photocell as 
it is being moved over the ground. A monitoring photo-cell 
simultaneously integrates the light received above the 
crop. After a run lasting about 20 seconds, these two inte- 
grals are held in the form of voltages so that their ratio 
(which measures average percent transmission) can be 
simply obtained with a potentiometer and null-meter. 
Performing a complete run and clearing the integrators 
occupies about one minute. Features of interest are: 
(1) Simplicity and stability of the portable computing 
circuit. (2) Design of the photocell housing to simulate 
the angular and spectral response of a low-growing crop. 


FripAY AFTERNOON AT 2:00 


Mandel Hall 


(J. R. OPPENHEIMER presiding) 


Invited Papers 


El. The Problem of Abstracting the Periodical Literature of Physics. D. E. Gray, American 
Institute of Physics. (15 min.) 
E2. Study of New Elements by X-Ray Diffraction Methods. W. H. ZACHARIASEN, Univer- 
sity of Chicago. (40 min.) 
E3. The Present State of Physics in Germany. Max von LAUE, Goettingen, Germany. 
(30 min.) 


FRIDAY AFTERNOON AT 4:00 


Mandel Hall 


(F. W. Loomis presiding) 


Invited Papers 


F1. Excitation of Nuclei by X-Rays and Electrons. BERNARD WALDMAN, University of 


Notre Dame. (30 min.) 


F2. Neutrons Correlated with Charged Cosmic-Ray Particles. R. D. Sarp, Washington 


University. (30 min.) 


F3. Recoils from Neutrino Emission. C. W. SHERWIN, University of Illinois. (30 min.) 
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FRIDAY AFTERNOON AT 4:00 
Kent Theatre 


(L. A. TURNER presiding) 


Invited Papers 


Gl. An Infra-Red Recording Spectrograph of High Resolution, Yielding Precise Wave- 
Length Measurements. E. R. Peck, Northwestern University. (30 min.) 
G2. Phenomenological Quantum Electrodynamics. J. M. Jaucu, State University of Iowa 


(30 min.) 


FRIDAY EVENING AT 7:00 


International House 


(J. R. OPPENHEIMER presiding) 


Dinner of the American Physical Society 


After-dinner talk by Enrico FERMI 


SATURDAY MORNING AT 10:00 
Mandel Hall 


(WILLIAM SHOCKLEY presiding) 


Symposium of the Division of Solid-State Physics 


H1. Physical Principles Involved in the Transistor, a Semi-Conductor Triode. JonN Bar- 


DEEN, Bell Telephone Laboratories. (45 min.) 
H2. Calculations of the Changes in the Conductivity of Metals Produced by Cold Work. 


J. S. KoEHLer, Carnegie Institute of Technology. (30 min.) 
H3. Fundamental Aspects of Diffusion in Solids. FREDERICK Seitz, Curnegie Institute of 


Technology. (30 min.) 


SATURDAY MORNING AT 10:00 
Eckhart 133 
(L. A. TURNER presiding) 


Reactions of Transmutation 


Ji. Angular Yield of Neutrons from the D-D Reaction.* energy insensitive long counter! placed 1 meter from the 
G. T. HUNTER AND H. T. RicHarps, University of Wiscon- target. The neutron yield was measured at angles from 
sin.—The Wisconsin electrostatic generator was used to 0° to 165° in the laboratory system and then corrected to 
furnish deuterons whose average energy in the target was __ the center of mass system. The yield in the center of mass 
varied from 0.5 Mev to 3.7 Mev. A “thin” deuterium gas system was found to be of the form N(@)=K(1+A cos’é 
target was used, the deuterons being admitted through a +8 cos‘#@+(Ccos*@), the total yield being essentially con- 
0.00005-inch nickel foil. The neutrons were detected by an stant above 1 Mev. The coefficient A was found to be 


— . 
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negative above 1.4 Mev. An appreciable amount of cos‘ 
was needed at all energies. At energies above 2.5 Mev, 
best fit of data required also the inclusion of a small amount 
of the cos*@ term. Disintegration protons at 90° were ob- 
served by a proportional counter as a monitor of the 
reaction. 


* This work was supported in party by the Atomic Energy Com- 
mission and in part by the Wisconsin Alumni Research Foundation. 
1Hanson and McKibben, Phys. Rev. 72, 673 (1947). 


J2. P-N Threshold for Deuterium.* R. V. SmitH AND 
H. T. RicHarps, University of Wisconsin.—A thin deu- 
terium gas target has been used with the Wisconsin electro- 
static generator for a preliminary study of this threshold. 
Momentum considerations at threshold require that the 
proton energy be } the deuteron binding energy (or about 
3.3 Mev) and that the emerging neutrons, whose energy is 
370 kv, be bunched in the forward direction. To exploit 
the collimation and high energy of the neutrons at thresh- 
old, a hydrogen recoil counter was used as detector. A 
neutron threshold consistent with the expected value was 
observed, but precise data will not be available until 
further measurements are made with the high resolution 
electrostatic analyzer to measure the proton energy and 
with a target arrangement which eliminates the energy 
uncertainty inherent in the passage of the proton beam 
through the aluminum foil separating the gas target from 
the vacuum system. The cross section for the reaction was 
estimated to be 10-*° cm? at 70 kv above threshold. 


* This work was supported in part by the Atomic Energy Com- 
mission and in part by the Wisconsin Alumni Research Foundation. 


J3. Angle Dependence of the Reaction Li‘(d,p)Li’. 
R. W. Krone,* S. S. Hanna, AND D. R. INGLIs, Johns 
Hopkins University—The nature of the excited state of 
Li? at about 450 kev is of special interest as a test of nuclear 
spin-orbit coupling. Some clue to its nature is expected 
from a comparison of the angular distributions of the 
short-range and long-range protons from Li®(d,p)Li’. These 
are measured simultaneously by use of a proportional 
counter long enough to give observable pulses of different 
sizes from the two ranges of protons at one setting, and the 
pulses of the two ranges are distinguished by use of a ten- 
channel discriminator. Measurements at about 400, 600, 
and 800 kev bombarding energy show a remarkable simi- 
larity between the short-range and long-range angular dis- 
tributions, both with considerably greater intensity for- 
ward. This may constitute evidence that the two low 
states of Li? are a ?P, but the analysis is as yet lacking. 
Further work is planned at higher energies. The method 
was checked by observation of the previously observed 
reaction Li?(p,a)a at one energy. This work was done with 
a new statitron constructed in the Physics Department to 
take the place of the old one which was partly dismantled 
during the war. The energy scale was established by ob- 
servation of thick-target and thin-target resonances in 
Liand F, with the help of I. Resnick and J. A. Neuendorffer, 


* Now at University of Kansas. 


J4. Absolute Measurement of the Li’(~,n) Threshold 
Voltage.* W. E. SHoupp, B. JENNINGS, W. JONES. AND 
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M. GarsBuny, Westinghouse Research Laboratories —The 
Li7(p,2) threshold voltage has been measured with the 
radio frequency ion velocity gauge,! an instrument which 
establishes a number of discrete calibration points on the 
absolute voltage scale. Calculation of the voltage of any 
one of these calibration points involves only two easily 
measurable physical quantities, the length of the drift 
space in the cavity and the beam modulation frequency. 
These measurements can be made to an accuracy of about 
0.05 percent. The voltage of the Westinghouse Van de 
Graaff generator, with which this work was done, was 
stabilized to about 0.1 percent using the biased corona 
point method with a compensating generating voltmeter 
as a source of error signal. The generating voltmeter was 
also used to make the small interpolation between the 
velocity gauge calibration point at 1.8918 mv and the 
lithium threshold at 1.8817 mv. The results of several pre- 
liminary measurements place the threshold at 1.8817 mv 
+0.0035 mv. Work is continuing to increase the accuracy 
of this measurement. 


* Assisted by the Joint Program of the Office of Naval Research and 
the Atomic Energy Commission. 
a ony} Alter, M. Garbuny, and J. W. Coltman, Phys. Rev. 72, 528A 


J5. Total Cross Section of Be, N, O, Na, and Ca for 
Fast Neutrons. C. K. BocKELMAN, R. K. Aparr, H. H. 
BARSCHALL, AND O. Sava,* University of Wisconsin.— 
Studies of the total cross section of nuclei as a function 
of neutron energy have been continued. Ranges between 
30 and 1000 kev were investigated, using a resolving power 
of 20 kev.! In Be only one resonance, at 625 kev, was 
observed, at the peak of which the cross section reaches 
7b, indicating that it should be attributed to p-neutrons. 
In N small maxima were found at 440 kev and 665 kev 
but not at the positions of the previously observed absorp- 
tion resonances. The cross section of 0 reaches 146 at 440 
kev. This resonance has an experimental width of 45 kev 
and is probably due to p-neutrons forming a compound 
nucleus of spin 3. In Na and Ca numerous peaks were 
found. The cross section of Ca has values below 1.55 over 
a considerable range of energies. 


* Rockefeller Fellow of the University of SAo Paulo, Brazil. 
1 Barschall, Bockelman, and Seagondollar, Phys. Rev. 73, 659 (1948). 


J6. The Gamma-Ray Spectrum from F"+H! Using 
Photographic Emulsions Containing D,O.* Gerson GoLp- 
HABER, University of Wisconsin.—The photo-disintegra- 
tion of deuterium in photographic emulsions was used for 
the measurement of gamma-ray energies. By soaking 
Ilford (C2,200u, stripped) nuclear emulsions in D,O, ap- 
proximately 50 percent DO by weight was introduced into 
the emulsions. These emulsions, together with control 
emulsions containing a similar quantity of H2O, were ex- 
posed while wet to gamma-rays from a thick CaF? target 
bombarded with 2.6 Mev protons from the Wisconsin 
electrostatic generator. For exposures exceeding 0.24 am- 
pere hours the background fog prevented track measure- 
ments. A provisional range energy relation in the wet 
emulsions was obtained by a rough calibration with d-d 
neutrons. The range in the wet emulsions was found to be 
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longer by about 7 percent. A distribution curve of the 
photo-proton tracks in the emulsion shows two peaks 
corresponding to about 6 and 7 Mev gamma-rays. This 
agrees with the recent results of Walker and McDaniel.! 
The relative intensity of the two peaks is ~1. 


* This work was supported in part by the Wisconsin Alumni Re- 
search Foundation and in part by the Atomic Energy Commission. 
1R. L. Walker and B. D. McDaniel, Phys. Rev. 74, 315 (1948). 


J7. P-N Reactions fot Argon and Neon.* H. T. Ricu- 
ARDS AND R. V. SmitH, University of Wisconsin.—From 
tabulated! masses one predicts the A‘°(pn)K* threshold to 
be at 1.1 Mev proton energy and the Ne*(pn)Na™ thresh- 
old to be at 2.1 Mev. Using a BF; counter surrounded by 
paraffin for a detector, we observed a sharp and intense 
rise in the neutron yield from argon at a proton energy of 
2.4 Mev. The cross section changed from about 10-29 cm? 
below 2.4 Mev to about 10-*5 cm? by 2.55 Mev. The sharp 
rise at 2.4 Mev may correspond to the formation of K*° 
in an excited state with spin 1 or 0, and the small cross 
section below 2.4 Mev may correspond to the formation of 
K* in the ground state ([=4) where the large spin dif- 
ference between A*°—K*? makes the reaction very highly 
forbidden. In the case of neon no neutron yield above 
background was observed up to 3.35 Mev proton energy. 
This negative result is in disagreement with Bethe’s mass 
values! but is consistent with the observation’ that a 1.3 
Mev gamma-ray is in cascade with the beta-decay of Na”. 


* This work was supported in by the Atomic Energy Commission 
and in part by the Wisconsin Alumni Research Foundation. 
¥ 1 = tae Elementary Nuclear Theory (J. Wiley & Sons, Inc., New 
ork, 
2 Good, Peaslee, and Deutsch, Phys. Rev. 69, 313 (1946). 


J8. (p,n):(p,y) and (d,n):(d,2n) Reaction Cross Sec- 
tions by Using Enriched Mo. D. N. Kunpu anv M. L. 
PooL, Ohio State University—Molybdenum of natural 
isotopic composition and molybdenum enriched* in isotope 
94 were subjected to bombardments with 5-Mev protons 
and 10-Mev deuterons. The strength of the beam in the 
different bombardments was carefully monitored. The 
nature of decay of the radioactive substances produced 
was determined by measuring the charged particles, x-rays 
and y-rays separately. From the saturation intensities of 
the particles emitted during the primary disintegration 
process, equations were set up with the various reaction 
cross sections as unknowns. These equations were solved 
simultaneously to obtain the relative values of the cross 
sections. For the proton bombardments, Mo(p,7): 
(p,m): Mo%(p,7): = 1:260:40:400. For the deu- 
teron bombardments, Mo(d,n):Mo%(d,2n): Mo%(d,n) 
:Mo%(d,2m) = 1:13:17:2.5. The method is applicable to a 
Wide range of elements, and is expected to be of use in the 
assignment of mass numbers to newly produced radio- 
active isotopes where the usual methods of mass assign- 
ments through cross-reactions is not available for lack of 
suitable target isotopes. 


* Supplied by the Y-12 plant, Carbide and Carbon Chemicals Cor- 
jevetion. through the Isotopes Division, U.S.A.E.C., Oak Ridge, 


J9. Relative Cross Section Measurements for the 
Identification of Tc and Tc. M. L. Poot anp D. N. 
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Kunpbu, Ohio State University—Natural Mo and Mo iso- 
topes electromagnetically enriched* in isotopes Mo” and 
Mo™ were bombarded with 5-Mev protons and 10-Mev 
deuterons. A rotating target was used, whenever necessary, 
so that two target isotopes could be bombarded under the 
same beam. Thus the activities produced could be satis- 
factorily ascribed to the appropriate target isotope. Ac- 
tivities of half-lives 2.7 hours, 47 minutes, and 4.5 minutes 
were found to be produced from Mo. The relative cross 
sections for the production of these activities were 44:224 
21.76, respectively. On comparing these figures with those 
for the (p,m):(p,y) reactions from Mo, the 47-minute 
activity is assigned to Tc”, the 2.7-hour and the 4.5- 
minute activities to Tc. Tc decays by K-capture only 
attended with 1.5-Mev y-rays. For the 2.7-hour Tc, the 
decay is 93 percent by K-capture and 7 percent by emission 
of positrons of maximum energy 0.83 Mev. There are also 
y-rays of energy 2.0 Mev associated with this activity. 


* Supplied by the Y-12 plant, Carbide and Carbon Chemicals Cor- 
— through the Isotopes Division, U.S.A.E.C., Oak Ridge, 
ennessee. 


jJil0. Light-Charged Particle Emitted in Fission. K. W. 
ALLEN AND J. T. Dewan, Chalk River Laboratories.— 
A study has been made of the range distribution of ener- 
getic light charged particles emitted in the fission of 
U5, Pu? and U8 by slow neutrons. After passing through 
Al absorbers, the particles in coincidence with fission 
fragments were detected in a proportional counter. Their 
specific ionization, determined by calibrating the counter 
with a-particles of known energy, showed that the ma- 
jority, if not all, were a-particles. The observed range dis- 
tribution of the particles extended to a maximum of about 
50 cm of air with a peak at about 20 cm. Small differences 
in the maximum range and position of the peak were 
observed for the three elements studied. The abundance of 
the long range particles, which is now being investigated 
more precisely, is of the order of 1 in 400 fissions. 


Jil. The Distribution of Nuclear Charge in Fission. 
C. D. CorvELL, L. E. GLENDENIN, AND R. R. EDWARDs, 
Oak Ridge National Laboratory.—Little attention has pre- 
viously been given to the distribution of nuclear charge in 
fission. Assuming that for any given mass split there is a 
most probable charge Zp and a distribution around this, 
independent of A, various postulates for establishing Zp are 
tested for consistency and for plausibility of the distribu- 
tion curve. Examination of the independent fission yields 
of the nuclides Br®, Rb**, Xe!85, and Cs!86 in U2%5 fission, 
and Cs#6 in Pu? fission, is used to eliminate the postulates 
that nuclear charge distributes as nuclear mass and that 
nuclear charge distributes to minimize radioactive poten- 
tial energy at the instant of fission. The only satisfactory 
postulate we have found is that the most probable effective 
chain length (defined as Zp—Za where Za is the charge at 
the minimum in the Bohr-Wheeler parabola) is the same 
for the light and heavy fission fragments. This postulate 
or rule, presented: publicly now in detail for the first time, 
has been used by Way and Wigner and has been given 
theoretical support by Present. The postulate has been of 
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service in interpreting fission product gas-sweeping data 
(A. Turkevich and coworkers), and in detecting irregulari- 
ties in fission yields (Arnold and Sugarman). 


Ji2. Nuclear Closed Shell Effects in Fission.* L. E. 
GLENDENIN, Massachusetts Institute of Technology.—The 
stabilization effect of closed shells of 50 and 82 neutrons 
(recently discussed by Mayer') in conjunction with inde- 
pendent yields predicted by an empirical rule for charge 
distribution in fission? can be used to explain certain 
anomalies observed in fission product studies. It is postu- 
lated that a primary fission product (which has already 
emitted the usual number of prompt neutrons) containing 
one neutron in excess of a closed shell will boil off this 
extra neutron rather than emit a @- or y-ray as in the ordi- 


nary case. This process can explain the unexpectedly low 
fission yield of 86s I'* (83 neutrons) reported by Katcoff* 
and the anomolously high fission yield of Xe'™ observed 
by Thode and Graham‘ in mass spectrometric studies. The 
further deductions afforded are that the 4.5-second de- 
layed-neutron emitter identified by Sugarman® as an iso- 
tope of Br has a mass of 87 (isomeric with 56s Br8’), and 
that probably all of the delayed neutron emitters occur- 
ring in appreciable yield decay to a closed shell con- 
figuration. 

* Supported in part by the Office of Naval Research. 

1M. G. Mayer, Phys. Rev. 74, 235 (1948). 

2 Glendenin, Coryell, and Edwards, the previous paper presented at 
this meeting. ; 

3 Katcoff, J. Chem. Phys., in press. 


4 Thode and Graham, Can. Jour. Res. 25A, 1 (1947). 
5 Sugarman, J. Chem. Phys. 15, 544 (1947). 


Kl. Quantum-Electrodynamics. FREDERIK J. BELIN- 
FANTE, Purdue University.—Schwinger’s generalized quan- 
tum-electrodynamics overlooks the fact that in quantized 
Maxwell theory “scalar photons” exist with negative en- 
ergy and that Lorentz’ condition excludes states without 
photons. Schwinger’s assumption A,+W¥o=0 would mean 
that Yo is a state with a maximum number of scalar photons 
present, in contradiction to E.B.-statistics; furthermore it 
is incompatible with 0,A*-W)>=0. One may avoid this 
difficulty by taking 0,A*-YWo=Q,*+Wo=0, where Q, is 
Schwinger’s transverse field four-vector; or one may re- 
place the Maxwell field by a Proca field, taking the photon 
mass extremely small. In Maxwell’s case by any of three 
methods one can find Mgller’s as well as Breit’s interaction 
between point charges, depending on whether one calcu- 
lates “‘relativistically’’ or whether the longitudinal inter- 
action is first treated by non-relativistic ‘Fermi trans- 
formation.’’ In Proca’s case, ‘relativistic’? calculation 
leads to different results including terms diverging for 
vanishing photon mass. Moreover the probability for 
longitudinal photon-emission diverges similarly. By non- 
relativistic Fermi transformation one obtains for vanishing 
photon mass Breit’s interaction and a vanishing proba- 
bility for emission of longitudinal photons, which seems 
preferable. A relativistic generalization of Fermi’s trans- 
formation, including separation of transverse proper field 
and free photons, is now being investigated. 


K2. Radiative Correction to the Klein-Nishina Formula. 
Davip FELDMAN AND JULIAN SCHWINGER, Harvard Uni- 
versity—The divergences that mar the present form of 
quantum electrodynamics are encountered in two ele- 
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General Theoretical Physics 


mentary phenomena, the polarization of the vacuum and 
the self-energy of the electron; effects that arise from the 
coupling of the matter and electromagnetic fields with 
the vacuum fluctuations of the other field. However, the 
divergent aspects of these two situations are concealed in 
unobservable charge and mass renormalization factors. 
The question is naturally raised whether a similar isolation 
of infinities can be performed in more complicated prob- 
lems. It is known that this can indeed be done for the be- 
havior of an electron in an external field, the finite radia- 
tive corrections thus obtained! comparing favorably with 
experimental evidence. We have examined the similar, 
but more involved problem of Compton scattering, and 
find that, here too, all divergences in the radiative cor- 
rection of order e?/hc are contained in the renormalization 
factors for the charge and mass of the electron. A low 
frequency divergence encountered in the correction to the 
Klein-Nishina formula is removed on including the con- 
comitant emission of soft quanta, quite in analogy wit> 
the treatment of electron scattering. 


1 J. Schwinger, Phys. Rev. 73, 415 (1948). 


K3. On the Electromagnetic Shift of Energy Levels. 
J. B. FRENCH AND V. F. Wetsskopr, Massachusetts Insti- 
tute of Technology.—The shift of atomic energy levels 
caused by the coupling with the electromagnetic field is 
calculated by subtracting from the divergent expression 
for the electromagnetic self energy the expectation value 
of an equally divergent ‘‘mass operator’’ M. The latter 
represents the contribution of the electromagnetic mass of 
the electron. Certain ambiguities in the definition of M 
were removed by choosing the operator in a form which, 


= 
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according to Feynman,! gives for the self-energy of the 
free electron an expression with correct transformation 
properties after application of his relativistic cut-off 
method. All divergent terms cancel out and the level shift 


becomes: 


where V is the potential energy and «¢ is Bethe’s? lower 
limit of integration. The other symbols are conventional. 
This gives 1051 megacycles for the split between the 2.5; 
and, 2P; levels in 


Feynman, Phys. Rev 
2H. Bethe, Phys. Rev. 72, ao P(1947). 


K4. The Magnetic Internal Conversion Coefficient. 
S. D. DRELL, University of Illinois—Conversion of mag- 
netic multipole radiation by K-electrons is a relativistic 
effect depending on the spin of the electrons. Dancoff and 
Morrison! first pointed this out, giving a relativistic calcu- 
lation of the magnetic internal conversion coefficient in 
Born approximation. A discrepancy exists between their 
formula for the conversion coefficient and the one ob- 
tained? using the Pauli two-component theory of the spin- 
ning electron. We resolve this discrepancy by introducing 
the four-component Dirac current for the electron into the 
electron-nucleus interaction matrix. We show that the 
calculation based on the Pauli theory fails due to the ex- 
tremely singular character of the magnetic multipole 
potential. The formula derived indicates that magnetic 
conversion contributes significantly to the total conversion 
coefficient, particularly for medium and large Z and for 
soft gammas, since it approaches a large finite value 
whereas electric K-conversion vanishes at threshold. Large 
magnetic conversion will influence the experimentally 
observed K to L-shell conversion ratio. Its contribution to 
the total conversion coefficient will manifest itself in the 
lifetimes of isomeric levels which decay to ground via a 
parity forbidden transition; i.e., one in which the lowest 
permitted multipoles are magnetic 2! and electric 2'*1. 


is. M. Dancoff and P. Morrison, Phys. Rev. 55, 128 (1939). 
Lowen, Phys. Rev. 67. 203 (1945); Berestelzky, J. de 


2 Goertzel and 
Phys. 10, 137 (1946). 


KS. The Equation of State as an Eigenvalue Problem. 
JosEPH W. WEINBERG, University of Minnesota.—The 
method used by Kramers and Wannier! for the two- 
dimensional ferromagnet is extended to one-dimensional 
systems of particles interacting under arbitrary forces 
with nearest neighbors on each side, however near or 
far they may be. When a long chain of molecules is 
lengthened by an infinitesimal interval with or without a 
molecule, the grand partition function with the last 
molecules held fixed, changes according to a characteristic 
equation. The eigenfunctions are related to the grand parti- 
tion function, the kernel to the intermolecular potential 
function, and the eigenvalue to the Gibbs free energy. The 
internal energy and the volume per molecule are found 
explicitly from the slope of the maximum eigenvalue as a 
function of the parameters 1/kT and p/kT respectively. 
Unlike previous treatments, this has comparable validity 
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at low and high densities, and hence is capable of dis- 
closing a phase transition as a line of intersection of the 
surfaces of largest and next largest eigenvalues. A general 
proof is given that no phase transitions can occur in one- 
dimensional systems even in the case that many neighbors 
interact. Explicit equations of state have been studied with 
simplified models of the intermolecular potential. 


1H. A. Kramers and G. H. Wannier, Phys. Rev. 60, 252, (1941). 


K6. Charged Bose-Einstein Particles in a Magnetic 
Field. M. F. M. Osporne, Naval Research Laboratory.— 
The problem of N charged Bose-Einstein particles in 
volume V has been considered. Electrostatic interactions 
are neglected. If T> is the condensation temperature in the 
absence of H, for T>T> the polarization P = (I+-1)n*HN/ 
3IkRT V— Nuw2H/3VkRT where IJ is the spin, u=eh/4armc and 
m is the intrinsic magnetic moment in units of uw. For 
T<T, These calcula- 
tions imply that for a coil containing such a material as a 
core, at T=To, the self-inductance obtains a small change 
varying as 1/H. Such an effect would be expected for a 
material containing free, mobile electron pairs. The calcu- 
lations also indicate that the Bose-Einstein condensation 
of electron pairs cannot provide a theory of supercon- 
ductivity, since for N/V small enough to make 7» of the 
order of a superconducting temperature, the polarization 
P~WNu/V is too small to make B=H+42P become 0 for 
appreciable H, as perfect diamagnetism would require. 
The calculations also suggest that a condensation phe- 
nomenon may be sought in a study of metals (Pd, Gd, Ce, 
Tl) which absorb large amounts of deuterium, and that a 
comparative study of the low temperature behavior of 
metallic hydrides and deuterides would illuminate the 
effect of different statistics on the thermodynamics of 
gas-metal solutions. 


K7. Transport Phenomena in an Ideal Bose-Einstein 
Gas. WILLIAM BAND, University of Chicago.—Because of 
the close resemblance of some of the equilibrium properties 
of liquid helium with those of a Bose-Einstein gas, it is of 
interest also to compare the transport phenomena in such 
a gas with those in liquid helium. First order perturbation 
theory leads to a normal heat conductivity except for a 
sudden increase by a factor of 2 or 3 at T), the Bose- 
Einstein lambda-transition; its value falls again towards 
zero as T—>0 below 7). In liquid helium the factor is about 
108. Consider two enclosures filled with Bose-Einstein gas 
at slightly different pressures connected by a small hole. 
The net mass flow and isothermal heat transfer are calcu- 
laced: their ratio has the classical value 2kT at high tem- 
peratures, as first found by Knudsen,* but below 7) the 
mass flow carries only on average the zero energy of the 
lowest state. The hole does not prevent the transfer of 
particles with higher energy, which can pass freely in both 
directions, but the net flow induced by the pressure dif- 
ference is effectively composed only of particles in the 
lowest energy state. The similarity with the flow of liquid 
helium through fine slits is remarkable. 


* Martin Knudsen, Ann. d. Phys. 34, 603, 1911; Sophus Weber, 
Zeits. f. Physik 24, 267, 1924. 
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K8. Use of Pressure in Thermodynamics. Boris Lear, 
Kansas State College—The assumption in Gibbs’ thermo- 
dynamics that one value of the pressure suffices to describe 
a phase in absence of external forces is inadequate. A 
pressure function must be defined whose gradient at any 
interior point balances at equilibrium the resultant of ex- 
ternal forces and average forces of molecular interaction. 
We consider as thermodynamic system a differential ele- 
ment with pressure a function of coordinates, as in hydro- 
dynamics. The equilibrium conditions become: constant 
temperature; pressure which is a continuous function of 
coordinates, but not necessarily constant; constant values 


for each species of the sum of its chemical potential and 
the potential of all forces, external or average intermo- 
lecular, acting on it. Quantum statistical mechanics gives 
results in agreement with the above, if, in conformity with 
the virial theorem, partial pressure P), satisfies, in the usual 
notation, 


PidV=kT2 


Each chemical species in a multicomponent system satis- 
fies the usual equations for a one-component system; its 
intrinsic thermodynamic functions depend on its tempera- 
ture and density alone. 


Invited Paper 
K9. Excited States of Nuclei. M. GOLDHABER, University of Illinois. (30 min.) 
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M1. Pretreatment of Nuclear Emulsions for Cosmic 
Ray Exposures. HERMAN YAGODA AND NATHAN KAPLAN, 
National Institutes of Health—The variable background 
accumulated since manufacture is eradicated by means of 
hydrogen peroxide vapor.'! Additional light nuclei are 
incorporated by loading from a 10 percent lithium borate 
solution containing 5 percent glycerine. Plates are dried 
under reduced pressure to remove free water and are 
assembled in pairs with emulsion layers in contact. Several 
points on one member are infected with RaF, U or Sm 
during the last stages of drying. The assembled pairs are 
wrapped in black paraffined paper to reduce subsequent 
access of moisture. On development the upper plate carries 
an autoradiograph of the infection points which permits 
microscopic alignment of the processed gelatin layers. The 
grain density of the developed alpha-tracks also serves as 
an indicator for latent image fading. Tracks initiated in 
one emulsion can be followed into the adjoining plate 
thereby doubling the effective thickness of the emulsion. 
Preliminary exposures indicate a nuclear evaporation rate 
(stars per ml per day) dependent on geomagnetic latitude 
as well as altitude: 


Altitude Geomagnetic latitude Ratio 50°N/1°S 


Sea level 


4,530 meters 
27,000 meters 


Examples of complex nuclear evaporations recorded at 
sea level will be described. 


1H. Yagoda and N. Kaplan, Phys. Rev. 73, 634 (1948). 


M2. Absorption of the Hard Component of the Cosmic 
Radiation in the Stratosphere.* MARCEL SCHEIN, Victor H. 
YNGVE, AND THEODORE BowEn, University of Chicago.— 
The cosmic-ray absorption curve at 5.7 cm Hg was meas- 
ured using lead thicknesses of 0, 2, 4, 8, 12, 18, and 30 cm. 
A large number of multiples under two centimeters of lead 
were found. They show little change in number between 
10 cm Hg and 5.7 cm Hg and closely follow the soft com- 
ponent as measured with the same apparatus. They are 
interpreted as being electronic showers. Multiples under 
18 cm lead were also measured and show an increase of 
about 40 percent between 10 cm Hg and 5.7 cm Hg. This 
corresponds to a cross section for the production of the 
multiples approximately equal to the geometrical cross 
section of an air nucleus. 


* This work and that reported under MS and M8 was assisted by the 
— Program of the Office of Naval Research and the Atomic Energy 
ommission. 


M3. Observations on Heavy Nuclei in Cosmic Radiation. 
E. P. Ney, P. Frerer, E. J. LorGREN, AND F. OPPEN- 
HEIMER, University of Minnesota.—Evidence was previ- 
ously presented for the existence of heavy nucleii as a com- 
ponent of primary cosmic radiation.! Approximately 300 
particles have now been observed in three high altitude 
flights. Cloud chambers and photographic plates have 
been used for detection of the particles. The spectrum of 
atomic numbers has been investigated in a preliminary 
way and better approximations to the atomic numbers of 
the particles have been obtained by counting ‘‘é-rays”’ 
along the tracks. The “‘5-ray” count on the heavy particle 
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tracks has been compared with the corresponding count 
on a-particles tracks.2 The mean free path for nuclear 
collisions will be discussed. An approximate value of 4 
for the ratio of the number of protons to helium nucleii 
has been obtained. Estimates of the energy and flux of the 
heavy component will be presented. Examples of heavy 
particle tracks including one which stops in a photo- 
graphic emulsion will be shown. 

1 Freier, Lofgren, Ney, Oppenheimer, Bradt, and Peters, Phys. Rev. 
74, 213 (1948). 


2 The a-particle plates were kindly furnished by Eugene Gardner, 
Radiation Laboratory. 


M4. Star Production at High Altitudes.* P. S. FREIER, 
E. J. LorGren, E. P. Ney, AND F. OPPENHEIMER, Uni- 
versity of Minnesota.—Nuclear disintegrations in Ilford 
C2 emulsions have been observed at altitudes from 84,000 
feet (24 g/cm? of residual atmosphere) to 95,000 feet 
(14 g/cm?) on flights with General Mills balloons. One 
balloon went to 70,000 feet, broke, and descended. This 
made it possible to correct roughly for the stars produced 
during the ascent and descent on the other flights which 
stayed aloft. For stars of more than four prongs there 
appears to be a decrease with increasing altitude in the 
rate of production above 84,000 feet. This is evidence for a 
maximum in the number of stars produced as a function 
of altitude. The rate of production of stars with more 
than four prongs at these altitudes is approximately 1000 
stars per cc per day compared to 10.5 stars per cc per day 
at 9200 feet.! 

* Assisted by the joint program of the Office of Naval Research and 
the Atomic Energy Commission. 

1 Lattes, Occhialini, and Powell, Nature 160, 489 (1947). 

M5. The Origin of Large Cosmic-Ray Bursts at an 
Altitude of 3500 Meters. E. F. FAany AND MARCEL SCHEIN, 
University of Chicago.—Experiments on large bursts have 
been continued at Climax, Colorado with a Carnegie 
Model C meter surrounded by large thicknesses of lead. 
The measured burst frequency is decreased by a factor of 
1.52 on increasing the spherical lead shield from 10.7 cm 
to 26.7 cm in thickness. This means that the burst-pro- 
ducing radiation has a mean range of 410 g/cm?. A discus- 
sion of the zenith angle dependence, of the intensity per 
unit solid angle of the burst-producing radiation, will be 
given by comparing the absorption in a flat absorber of 
finite area with the absorption in a spherical absorber. 
The fact that the burst-producing radiation is more ab- 
sorbable in the atmosphere than in lead can be explained 
by postulating that this radiation is made up of 7 mesons 
with a mean life of less than 4X 10~® second. 


M6. Note on the Light-Particle Hypotheses of Pene- 
trating Particles in Extensive Cosmic-Ray Showers. 
K. SitTE, Syracuse University —The momentum spectrum 
of penetrating particles in extensive showers ‘has recently 
been measured in air (Mitra) and under about 10 cm lead 
(Rochester and Butler), and has been found similar to 
that of single mesons, with average momenta of = 10° 
ev/c. This result, together with earlier observations on 
frequency and secondary-production of penetrating par- 
ticles in large air showers, is shown to rule out the sug- 
gestions put forward by Auger and by Janossy that the 
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penetrating component of extensive showers consists of a 
new type of fundamental particles with a mass between 3 
and 10 electron masses. It is more likely that these par- 
ticles are protons and/or other particles of strong nuclear 
interaction, with a mean path between two collisions of 
about 100 g/cm?, which are not “catastrophically’’ ab- 
sorbed in a single collision, but eject what might be called 
“knock-on protons.” 


M7. Production of Neutrons by the Capture of Cosmic- 
Ray Mesons.* GorpDON W. McCLurRE AND GERHART 
GROETZINGER, University of Chicago.—We have reported 
the production of neutrons by the capture of negative 
mesons in lead at sea level.** Because of the use of a mag- 
netic deflection system in the meson telescope the number 
of recorded events was small so that the estimate of two 
neutrons per captured meson is afflicted with a consider- 
able error. In continuing the experiment on the summit of 
Mt. Evans we recorded 16 events in which the stoppage of 
a negative meson was followed within 80yusec. by a dis- 
charge of one of the BF; counters in the neighborhood of 
the stopping plate, and only one such event for a com- 
parable number of positive mesons. From a determination 
of the efficiency of these counters one obtains an average 
of 5 to 7 neutrons pér captured meson under the assump- 
tion that the neutrons are ejected with an energy of several 
Mev. 


* This research was supported in part by the Office of Naval Research. 
— Groetzinger and Gordon W. McClure, Phys. Rev. 74, 341 


M8. Nuclear Disintegrations and Mesons in the Strato- 
sphere. JERE J. LORD AND MARCEL SCHEIN, University of 
Chicago.—A series of experiments is in progress to study 
the events occurring in nuclear research emulsions (photo- 
graphic plates) which are placed beneath various thick- 
nesses of absorbing material. These plates, covered with 
lead, have been exposed to cosmic radiation at free balloon 
altitudes. Most of the plates have been examined and re- 
sults will be given as to the variation in numbers of the 
various types of mesons and nuclear discriptions with thick- 
ness of absorber. Additional data are also available for 
plates exposed similarly but covered with paraffin and 
carbon. 


M9. On the Decay Products of the u-Meson. E. P. 
HINckKs AND B. PontEcorvo, Chalk River Laboratories.— 
With an arrangement previously described,! the pene- 
tration in carbon aluminum and lead, of the particles 
from the 2.2-usec. meson decay has been investigated. A 
soft and a hard component can be clearly distinguished. 
The former is essentially absorbed by ~26 g/cm? carbon, 
a thickness equivalent to the maximum range of 50 Mev 
electrons. The latter is found with both high and low Z 
absorbers, and gives an observed rate of the order of 
1/20 of the initial total intensity (without absorber), and 
about ten times the casual rate. In a new arrangement 
designed to investigate the “hard component’”’ five counter. 
trays are used, from top to bottom, A, B, C, D, E. Mesons 
are stopped between B and C, and the decay particle 
absorber between C and E is divided by the intermediate 
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tray D. Experiments in which the absorber was 16.6+16.6 
= 33.2 g/cm? lead indicate that the delayed events (CE)ge 
are rarely, if ever, accompanied by (D)de. If we interpret 
this as a demonstration that the “hard component’’ is 
the result of bremsstrahlung by the particles of the “‘soft 
component”’ we can conclude that the latter have indeed 
a mass not greater than one electron mass. Further experi- 
ments on the “hard component”’ in the case of low Z 
absorbers are in progress. 


1E,. P. Hincks and B. Pontecorvo, Phys. Rev. 74, 697 (1948). See 
also, J. Steinberger, Phys. Rev. 74, 500 (1948). 


M10. Diurnal and Seasonal Variation in Frequency of 
Occurrence of Small Cosmic-Ray Bursts.* R. M. WHALEy** 
AND V. A. LoneG,*** University of Colorado.—Further 
analyses have been made of data taken during 18 months in 
1938-1939 with a heavily shielded high pressure ionization 
chamber.! A total of 25,161 bursts were analyzed. An inte- 
gral frequency-size plot parallels in general that calculated 
by Christy and Kusaka for spin zero mesons, thus agreeing 
with other burst data by Schein and Gill and analyses by 
Lapp. However, the small bursts produced by the order 
of 100 particles occur approximately four times more fre- 
quently than expected. Furthermore, they show marked 
seasonal variations, having a maximum frequency in 
winter over 2.5 times that observed in summer. They ex- 
hibit strong diurnal variations, being most frequent during 
the day; a diurnal amplitude of 30 percent of the mean 
value is observed in winter. Broxon? has shown that these 


small bursts have a large negative barometric pressure 
coefficient and are related to sunspot area. 


* Preparation of paper assisted by contract with Office of Naval 
Research. 

** Now at Purdue University. 

#*& Now at Colorado School of Mines. 

1V. A. Long, R. M. Whaley, Phys. Rev. 59, 470 (1941). 

2J. W. Broxon, Phys. Rev. 72, 1187 (1947). 


M11. Relation of the Cosmic Radiation to Sunspot 
Magnetic Moments. JamMes W. Broxon, University of 
Colorado.—A function (SS— MM) designed to represent 
the arithmetic sum of the magnetic moments of all visible 
sunspots has been compared statistically with the intensity 
of the cosmic radiation (C—R). Large pulses (20 to 30 
percent) in SS—MM were found to occur out of phase 
with primary pulses in C—R. SS—MM pulses of com- 
parable magnitude bore different phase relations to sub- 
sidiary pulses in C—R. For subsidiary pulses preceding 
the primaries, the C—R was generally high.when the SS 
— MM was increasing and low when it was decreasing. 
For subsidiary pulses following the primaries, the C—R 
was generally high when the SS— MM was decreasing and 
low when it was increasing. The analysis was carried out 
for intervals of 60 days preceding and following the se- 
lected days of high or low C—R. Some consideration was 
given to the e.m.f. generated in connection with an imagi- 
nary but in some respects representative sunspot by elec- 
tromagnetic induction. This work was supported in part 
by the Office of Naval Research. 
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Nuclear Scattering and Nuclear Resonance 


Ni. Some Calculations Concerning Neutron-Proton 
Scattering. J. M. BLatr AND J. D. JAcKson, Massachusetts 
Institute of Technology.—A Schwinger variational method 
gives an expansion of k coté in powers of the energy (or k?). 
A previous analysis! of available scattering data was made 
on the assumption that the third and higher terms of the 
expansion are negligible, in which case the experimental 
data give no information about the shape of the potential 
well. We have obtained approximate values of the third 
term (—Tk*) for square, Gaussian, exponential, and 
Yukawa well shapes for all relevant ranges and depths, 
neglecting the tensor force. |7| is smaller than 0.15r° for 
these wells (r =effective range), about three times to small 
to have been detected by experiments to date. If the tensor 
force does not increase T appreciably, the analysis of 
reference (1) is valid for these four well shapes. We also 
obtained a qualitative understanding of the shape de- 
pendence of 7. 

1J, M. Blatt, Phys. Rev. 74, 92 (1948). 


N2. Electrostatic Scattering of Neutrons. S. M. Dan- 
COFF AND S. D. DRELL, University of Illinois.—Recent ex- 
periments of Havens, Rabi, and Rainwater,! and of 
Fermi and Marshall? indicate a weak electron-thermal 
neutron interaction with a cross section not greater than 
4X 10~*! According to meson theory this interaction 
may be interpreted as electrostatic scattering by the elec- 
tron of the neutron, which exists part of the time as a 
proton plus negative meson. To calculate the cross section, 
the neutron and proton are treated as two charge states of 
a nucleon which obeys Dirac’s equation and is coupled to 
a meson field of zero spin. A third order perturbation cal- 
culation is performed, a sample scheme of which has the 
neutron, by virtue of its interaction with the meson field, 
become a proton and negative meson. Either proton or 
meson is then scattered in a fixed Coulomb potential before 
they recombine to form the scattered neutron. The calcu- 
lated cross section is velocity independent for thermal 
neutrons, proportional to g‘, where g is the (dimensionless) 
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coupling constant between the nucleon-meson fields, and 
is of the experimentally observed order of magnitude for 
g?’~ 7s in a weak coupling approximation. 


1 Havens, Rabi, and Rainwater, Phys. Rev. 72, 634 (1947). 
2 Fermi and Marshall, Phys. Rev. 72, 1139 (1947). 


N3. Angular Distribution of 14-Mev Neutrons Scat- 
tered by Protons. H. H. BARSCHALL AND R. F. TASCHEK, 
Los Alamos Scientific Laboratory.—Monoenergetic 14-Mev 
neutrons were produced by bombarding a tritium target 
with 200-kev deuterons. Proton recoils originating in a 
thin polythene radiator could pass through three propor- 
tional counters arranged in a direction perpendicular to 
the radiator, and coincidences in the three counters were 
observed. By rotating the foil and the counters about the 
center of the foil the angular distribution of the recoiling 
protons could be measured. The angular resolution was 
+10° in the center of mass system. Protons corresponding 
to neutrons scattered through 90°, 120°, 150°, and 180° in 
the cm cystem were observed. Within the statistical ac- 
curacy of five percent at each angle the angular distribution 
of the scattered neutrons appeared isotropic in the center 
of mass system. 


N4. Consideration of Multiple Scattering in the Evalua- 
tion of Cloud Chamber Tracks.* MARTIN BERGER AND 
GERHART GROETZINGER, University of Chicago.—H. A. 
Bethe analyzed the influence of multiple scattering on the 
curvature of cloud chamber tracks as projected on a plane 
perpendicular to the magnetic field on the basis of approxi- 
mating the entire track by a section of a circle.** A method 
will be described in which the track is divided into sections 
whose curvatures are determined individually. According 
to the theory of multiple scattering these curvatures con- 
stitute a sample of a normally distributed population.*** 
A function of the mean and a function of the variance 
are distributed according to a ‘‘Student ?”’ and a “x?” 
distribution respectively, which determine the probabilities 
for mean and variance to be within specified limits. These 
parameters, which are functions of the momentum, mass 
and charge of the particle, provide an estimate of two of 
these quantities with an accuracy increasing with the 
number of sections into which the track can be reasonably 
divided. 


* This work was supported in part by the Office of Naval Research’ 


** H, A. Bethe, Phys. Rev. 70, 821 (1946). 
#*e* B. Rossi and K. Greisen, Rev. Mod. Phys. 13, 240 (1941). 


NS. Cloud Chamber Tracks of Positive Particles 
Branching from Beta-Rays.* GERHART GROETZINGER, 
FRED RIBE, AND-LLoyp SmitH,** University of Chicago.— 
In four cases tracks of positive particles branching from 
tracks of negative beta-particles originating in a P32 source 
have been found. In none of these cases could a change in 
direction of the beta-ray at the branch point be detected, 
but in at least two cases a change of curvature. The posi- 
tives emerge at angles of from 55° to 86° with the forward 
direction of the beta-ray. Their scattering and ionization 
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are similar to that of positrons with tracks of the same 
curvature, and energies between 150 and 320 kev. The 
only known process in which branching of an electron 
track occurs is electron-electron scattering. The possibility 
of the “positive” tracks being tracks of multiply scattered 
electrons has been considered, using Bethe’s criteria and a 
method described in the previous abstract. These consider- 
ations and considerations concerning the observed angles 
exclude the possibility of electron-electron scattering. 


* This research was supported in part by the Office of Naval Research. 
** Now at the Radiation Laboratory, University of California. 


N6. Angular Distribution of 1 to 3.5 Mev Protons 
Scattered by He‘. GrorGE FREIER, EUGENE LAMPI, 
W. SLEATOR, AND J. H. WILLIAMS, University of Minne- 
sota.*—The angular distributions of protons scattered by 
He! have been measured in the energy range from 1 to 3.5 
Mev with the scattering chamber previously described.! 
By counting both protons and recoil He‘, values of the 
cross section could be obtained over an angular range of 
10° to 160°. The results of this experiment essentially 
confirm those of Heydenburg and Ramsey? in which the 
existence of a resonance due to an excited state of Li® was 
established. 


* This work was supported in part by the Office of Naval Research. 
1 Blair, Freier, Lampi, Sleator, and Williams, Phys. Rev. 74, 553 


(1948). 
2N. P. Heydenburg and N. F. Ramsey, Phys. Rev. 60, 42 (1941). 


N7. On the Scattering of Fast Neutrons. H. FesHpacu 
AND V. F. WEIssKopF, Massachusetts Institute of Tech- 
nology.—Measurements by Sherr! and Amaldi? of the 
total cross section o; of neutrons of 14 mev and 25 mev 
respectively were used by these authors to determine the 
nuclear radius R from o,=27R?. This relation is valid 
only in the limit XR. A more accurate relation can be 
obtained only by defining the boundary conditions at the 
nuclear surface. We assumed that, inside the surface, the 
neutron wave function consists of an ingoing wave only, 
of a high wave number corresponding to nuclear kinetic 
energies. This is a formal expression of the usual assump- 
tion that the neutron, after entering into the nucleus, will 
surely form a compound system. It leads to values of o 
20 to 40 percent higher than 27R?. The new values of R 
lie much closer to the conventional expression 1.5X A} 
X 107. This result is not very sensitive to the choice of 
boundary conditions. 


1 R. Sherr, Phys. Rev. 68, 240 (1945). 
2 Amaldi, Bocciarelli, Cacciapuoti and Trabacchi, Nuovo Cimento 3, 


203 (1946). 


N8. Polarization of d-d Neutrons. LINCOLN WOLFEN- 
STEIN, Carnegie Institute of Technology.—Procedures for 
polarizing fast neutrons by scattering have recently been 
suggested by Schwinger.! Since a second scattering is 
needed to detect the polarization the suggested experi- 
ments are very difficult. However, it is possible that fast 
neutrons may be already polarized when they are produced 
with the consequence that a double-scattering experiment 
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is not necessary. A recent analysis? of the d-d reactions 
near the the threshold indicates a large contribution to the 
cross section from incoming p-waves and also a large 
amount of spin-orbit coupling. These are the necessary 
(although not sufficient) conditions for the outgoing neu- 
trons (or protons) to be polarized. If only incoming s- 
waves and p-waves are considered the polarization is pro- 
portional to sin@ cos#, where @ is the outgoing angle. The 
direction of polarization is perpendicular to the plane of 
the reaction. For a deuteron energy of 500 kev, the polariza- 
tion (for 6=45°) may be anywhere between. 0 and 50 
percent, with the most likely value around 20 percent. 
The polarization might be detected by one of Schwinger’s 
methods.! 


1J. Schwinger, Phys. Rev. 69, 681 (1946); 73, 407 (1948). 
2E. J. Konopinski and E. Teller, Phys. Rev. 73, 822 (1948). 


N9. Double Refraction and Polarisation of Neutron 
Beams. Otto HALPERN, University of Southern Cali- 
fornia.—The magnetic double-refraction! of neutrons can 
be utilized to obtain completely polarized neutron beams 
with an intensity loss of only 50 percent of the primary 
beam. For this purpose a well defined neutron beam of 
moderate spread in wave-length is allowed to fall on a 
sheet of iron which can be magnetized. To obtain a maxi- 
mum effect the direction of magnetization should be chosen 
parallel to the projection of the beam on the iron sheet. 
Total reflection will then occur for the two spin states-at 
different critical glancing angles which will be smaller and 
larger than the critical angle for unmagnetized iron. 
Theory leads in the case of iron to values of 12.5 feet and 
6 feet respectively. Variation of the direction of magnetiza- 
tion should permit a test of the assumed expression for 


the interaction energy of the magnetic moments of neutron 
and ion. 


1 Halpern, Hamermesh, and Johnson, Phys. Rev. 59, 981 (1941). 
The formula preceding (5.1) suffers from misprints; the denominator 
7 is k? and not k; furthermore +1 must be added to the right 
side. 


N10. The Hyperfine Structure of Tritium. Epwarp B. 
NELSON AND JOHN E. NarFe, Columbia University.—The 
h.f.s. of the ground state of tritium was measured by the 
atomic beam magnetic resonance method. The apparatus 
previously used in the measurement of the h.f.s. of H and 
D was modified to permit the recirculation of a small 
sample of tritium. The frequency of the field independent, 
central Zeeman component of the transition F=1<>F=0 
gives the h.f.s. almost exactly with a field correction of less 
than 0.001 Mc. The mean of three independent determina- 
tions of the h.f.s. in different weak magnetic fields is 


~ 1516.702+0.010 Mc. The probable error is caused by the 


uncertainty in the Doppler correction and possible asym- 
metry in the resonance line causing a shift of the center of 
the line. The reproducibility of determining the center of 
the resonance line was +0.002 Mc. The theoretical value 
of the h.f.s. based on the triton-proton moment ratio! and 
the value of the h.f.s.2 of H is 1516.709+0.015 Mc. The 
theoretical and experimental values agree within the 
probable error in the ratio of the moments, 1 part in 105, 
This close agreement is in accord with the calculations of 
Teller,? who has considered the detailed interaction of the 
electron with the elementary particles of the triton. We 
thank the Atomic Energy Commission for the loan of a 
sample of tritium gas. 


" et ~ C. Graves, M. Packard, and R. W. Spence, Phys. Rev. 
3]. E. Nafe and E. B. Nelson, Phys. Rev. 73, 718 (1948). 
3 E. Teller, Pocono Conference, sponsored by the National Academy 
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Liquid and Solid States 


Pl. Studies on the Size and Shape of Tactoids. W. 
HELLER AND W. Woyjtowicz, Wayne University.—Col- 
loidal solutions of orthorhombic rodlike crystals of V20s 
were used as model systems for studying the conditions 
for and the rate of formation of the anisotropic concen- 
trated phase (tactoid phase), discovered by Zocher, which 
is in thermodynamic equilibrium with the dilute isotropic 
phase. Extensive distribution curves of size and shape of 


tactoids were compiled by means of photomicrography. 
Above a certain critical colloidal concentration, which de- 
pends on ionic strength, microscopic tactoids are formed. 
The rate of their formation increases with the colloid con- 
centration and with the concentration of sensitizing elec- 
trolyte. The number average size of tactoids increases 
with the colloid concentration and it decreases, at constant 
colloid concentration, with increasing electrolyte concen- 
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tration. The axial ratio of the tactoids increases with de- 
creasing colloid concentration and it increases, at constant 
colloid concentration, with the concentration of sensitizing 
electrolyte. The extreme shapes of tactoids are represented 
by nearly spherical spindles and practically rodlike par- 
ticles. The factors determining the size of tactoids are the 
rate of nucleus formation, and the rate of growth of the 
nuclei. The factors determining the shape appear to be the 
potential energy of the primary particles within the tactoid 
and the interfacial energy (anisotropy of the interfacial 
energy) of the tactoid with respect to the dilute phase. 


P2. Undercooling and Nucleation of Liquid Metals. 
Ben H. ALEXANDER, Sylvania Electric Products, Inc.— 
The variations of undercooling with overheating for several 
high purity metals of different crystal structures have 
been determined. In confirmation of the previous limited 
amount of work on this subject, it was found that the 
undercooling increased rapidly with overheating, then 
more slowly, and finally was no longer affected by over- 
heating 200-300°C above the melting point. Also the 
F.C.C. and H.C.P. metals exhibit small undercooling (2 to 
5°C) even at high overheating. The metals of more complex 
structure, rhombohedral and tetragonal, show under- 
cooling up to 50°C and more. The effect of overheating is 
explained by assuming the presence of foreign particles 
which serve as nuclei. These are either destroyed or de- 
activated by overheating. The effect of crystal structure is 
explained by the variations in interfacial energy between 
the solid and liquid states, the relative values of which can 
be approximated. There appears to be a further effect 
caused by the thermal properties of the metal which also 
influences the undercooling. 


P3. Magnetic Refraction of Neutrons at Domain 
Boundaries. D. J. HuGHEs, M. T. Burecy, R. B. HELLER, 
AND J. W. WALLACE, Argonne National Laboratory.— 
In the course of experiments on the production of polarized 
neutrons, small angle scattering (or the order of one minute) 
of neutrons in unmagnetized iron was observed. Further 
detailed experiments on the angular distribution and 
variation with iron thickness of the scattering have been 
performed. The RMS scattering angle at a single domain 
boundary is 0.027 minute and the deviation is found to 
increase with the square root of the number of domains 
traversed. The results are compared with theory and are 
shown to be consistent with the hypothesis that the scat- 
tering is caused by magnetic refraction of the neutrons at 
domain boundaries. The index of refraction is expected to 
have two values in unmagnetized iron and refraction takes 
place at boundaries where the index changes. 


P4. Some Simple Theorems on the Free Energies of 
Crystal Surfaces. Conyers HERRING, Bell Telephone 
Laboratories.—An understanding of the effects of various 
kinds of heat treatment on the structure of crystal surfaces 
is important in many problems of electron emission, ad- 
sorption, etc. Though the changes involved generally occur 
under non-equilibrium conditions, it is helpful to know 
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something about the relative free energies of different 
surface structures. Ideas similar to those used in Wulff’s 
equilibrium polyhedron construction can be applied to 
the problem of thermal etching of a large plane surface. 
In order that it be possible to lower the free energy of an 
initially smooth surface by rearranging the atoms into a 
hill-and-valley structure, it turns out to be necessary and 
sufficient that the initial plane should fail to occur among 
the boundary planes of the equilibrium polyhedron. It is 
also easily shown that if the energy of the crystal can be 
written as a sum of pair interactions all of one sign and if 
the surface and interior lattice spacings are the same, the 
Wulff polyhedron is in a sense ‘‘degenerate’’ and the hill- 
and-valley structure is never favored. These results also 
have a bearing on the amount of rounding of edges and 
corners which is to be expected. 


P5. Photoelectric Determination of the Fermi Level 
at Surfaces of Amorphous Arsenic. E. Tart AND L. APKER, 
General Electric Research Laboratory.—Evaporated sur- 
faces of amorphous As exhibit photoelectric emission that 
is characteristic of a semi-conductor. Spectral and energy 
distributions for electrons ejected from this material were 
obtained and interpreted by the methods previously ap- 
plied to Te, Ge, and B.! The results indicated that the 
Fermi level lay above the top of the occupied band by an 
amount 6=0.5 ev. Effects due to this energy structure were 
more pronounced and clear-cut than those for the ele- 
ments investigated before. Except for the relatively large 
value of. 6, however, the distributions were similar to those 
for crystalline Te. In particular, the ‘stopping potential” 
corresponding to the edge of the filled band was as sharp 
for the amorphous As as for the Te. The estimated density 
of surface states was 10!° cm~?, an unusually low value. 
The work function was 4.66 ev. Thermoelectric measure- 
ments showed that the deposits were N-type. The re- 
sistivity (~107 ohm cm) decreased rapidly with increasing 
temperature. 


1 Apker, Taft, and Dickey, Phys. Rev., in press. 


P6. Correlation of Geiger-Counter and Hall-Effect 
Measurements in Alloys Containing Germanium and Ra- 
dioactive Antimony 124. G. L. PEARSON, J. D. STRUTHERS, 
AND H. C. THEUERER, Bell Telephone Laboratories.—Ingots 
of germanium-antimony alloys have been prepared from 
standard high back voltage germanium and radioactive 
antimony 124.1 The amounts of antimony added were 
0.054, 0.0081,. and 0.00078 percent. Radioautographs 
indicate that the antimony concentration varies expo- 
nentially with the depth in the ingot, being greatest at 
the top which was the last to freeze. Geiger-counter meas- ° 
urements on specimens from various positions give a 
quantitative analysis of the antimony distribution. Hall- 
effect measurements on the same specimens show that in 
the saturation region of the impurity range each antimony 
atom produces one conduction electron. Having correlated 
the Geiger-counter and Hall-effect measurements, one can 
make accurate impurity atom counts in non-radioactive 
ingots. An N-type high back voltage germanium ingot to 
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which no impurity had been deliberately added has an 
excess of 1.8 10"/cc donor over defect impurity atoms at 
the bottom of the melt compared with 1 X10"/cc near the 
top of the melt. 


1 The antimony 124 used in this ceeentigation was eye by Clinton 
Laboratories and obtained on allocation from the U. S. Atomic Energy 
Commission. 


P7. Sintering of Metallic Particles. G. C. Kuczynsk1, 
Sylvania Electric Products, Inc.—Spherical copper powder 
5u-80u in diameter was sintered to the flat copper block 
at temperatures ranging from 400°C to 1000°C for various 
periods of time. It was found that at given temperature 
(x/a)®’~t where x is the radius of the junction formed be- 
tween the spherical particle and the crystal block, a the 
original radius of the particle and ¢ the time of sintering. 
This relationship seems to disprove the theory of J. 
Frenkel* that the sintering is caused by the viscous flow 
under the action of surface tension. If this would be the 
case the square instead of fifth power relationship should 
be obtained. The analysis of the found relationship sug- 
gests that the sintering of metallic particles is caused by 
volume and surface diffusion with the latter one predomi- 
nant for smaller particles and lower temperatures. 


* J. Frenkel, J. Phys. U.S.S.R. IX, 385-391 (1945). 


P8. The Index of Refraction of Evaporated Films of LiF. 
L. G. Scuutz, University of Chicago.—-Thin films prepared 
by evaporating LiF in a vacuum on to glass substrates 
were examined with an Abbe refractometer. It was found 
that contact liquids entered and filled most of the voids 
in the porous structure of the films, thereby changing their 
optical density. From the variation of the index of re- 
fraction of a film with different contact liquids it was pos- 
sible to calculate the extent of the voids accessible to the 
liquid, as well as those inaccessible. Films 70,000A thick 
contained 25 percent by volume of voids of which about 1 
percent was inaccessible. The calculated index of refrac- 
tion of such a film in air is 1.29. A similar value was ob- 
tained from measurements made with a Michelson inter- 
ferometer. Thinner films were slightly more porous and 
accordingly had a lower index of refraction in air. 


P9. Concerning the Work of Polarization in Ionic 
Crystals of the NaCl Type. I. Polarization Around a Single 
Charge in the Rigid Lattice.* E. S. RirtNer, R. A. HUTNER, 
AND F. K. pu Pr, Philips Laboratories —Many problems 
dealing with ionic solids require quantitative calculations 
of the polarization work resulting from the removal of one 
or of two adjacent charges. The former problem reduces 
to finding the potential field at the origin due to all in- 
duced dipoles. The dipole-dipole interactions introduce 
such great difficulties that only approximate solutions have 
been obtained heretofore, the best of which is that of 
Mott and Littleton.! Examination of their method for 
the rigid lattice reveals extremely irregular variation of the 
dipole moments with distance as well as unexpected ex- 
cellent agreement between the first and fourth order 
polarization work. To gain more insight we have carried 
out modified higher order approximations involving ten 


simultaneous linear equations. Solutions were obtained for 
us by the use of the R.C.A. “Electronic Simultaneous 
Equation Solver.’ Rapid convergence of the numerical 
results occurs for the modified approximations of higher 
order than the fourth for the hypothetical monatomic 
crystal! and for NaCl. The excellence of the values ob- 
tained by the Mott-Littleton first order approximation is 
found to be somewhat fortuitous. 


* This work was supported in part by the og ye Command. 
1 Mott and Littleton, Trans. Faraday Soc. 34, 485 (1938). 
2 Goldberg and Brown, J. Applied Phys. 19, 3359 (1948). 


P10. Concerning the Work of Polarization in Ionic 
Crystals of the NaCl Type. II. Polarization Around Two 
Adjacent Charges in the Rigid Lattice.* R. A. HuTNER, 
E. S. RittNER, AND F. K. pu Pr&, Philips Laboratories.— 
Previous polarization calculations for the removal of two 
adjacent charges are reviewed and extended. The method 
of Klemm! neglects dipole-dipole interactions and thus 
leads to values which are too high. The Mott-Littleton? 
method, employing zero and first order approximations, 
has been applied by us to this problem. The latter approxi- 
mation led to two sets of four simultaneous linear equations, 
which were solved by the use of the R.C.A.* machine. 
Numerical results are given in Table I: 


TABLE I. Polarization work in ev for different degrees of approximation. 


Klemm Zero order First order 
NaCl 1.51 0.94 1.11 
RbCl 1.20 0.77 0.92 


* This work was supported in part by the Air Materiel Command. 
1 Klemm, Zeits. f. Physik 82, 529 (1933). 

2 Mott and Littleton, Trans. Faraday Soc. 34, 485 (1938). 

3 Goldberg and Brown, J. Applied Phys. 19, 339 (1948). 


P11. Relation Between Residual Strain Energy and the 
Elastic Moduli. CLARENCE ZENER, The University of 
Chicago.—It is shown from theoretical considerations that 
the presence of residual elastic strain energy will be associ- 
ated with a reduction of the shear modulus and of the 
Young’s modulus. A semi-quantitative theory is derived 
between the total residual elastic strain energy and the 
lowering of these moduli. This relation is seen to be con- 
sistent with the observations of Késter’s upon the lowering 
of Young’s modulus by the introduction of solute atoms 
of small solubility. This effect of strain energy in lowering 
the elastic moduli is shown to be of importance in the 
diffusion of interstitial atoms, such as in the diffusion of 
carbon in iron. As the solute atom passes over the poten- 
tial energy barrier between two stable interstitial positions, 
the lattice acquires additional strain energy, which in turn 
is associated with a lowering of the elastic moduli, and 
hence, with an increase in the entropy of the system. This 
increase in entropy may be sufficiently large to result in a 
large increase in diffusion rate. 


P12. A New Criterion of Slip in Thin Single Al Crystals. 
T. L. Wu anp R. SMoLuUcHOwsKI, Carnegie Institute of 
Technology.—Observations of slip in thin flat specimens of 
aluminum single crystals under tension show that the Boas 
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and Schmidt criterion of maximum resolved shear stress 
S(B.S.)=(F/A)cos¢ cos\ where F is the applied load, A 
the cross section, @ angle between direction of load and 
normal to the slip plane and \ angle between direction of 
load and the slip direction, does not apply in this case. 
Rather it appears that in such specimens slip occurs in the 
direction in which the resolved shear divided by the thick- 
ness of the specimens in that direction is maximum. A 
corresponding formula S(S.W.)=(F/Ad)cos*¢ cosd/siné, 
where d is the relative thickness of the specimen and @ 
angle between slip direction and the surface of the speci- 
men measured in the slip plane, is derived and compared 
with experimental data which confirm it without excep- 
tion. At higher elongations a new slip system sets in and 
this also complies with the new formula. In one case duplex 
slip has been observed corresponding to simultaneous slip 
in two directions both of which satisfy the new criterion. 
'A possible reason for this dependence of slip mechanism 
on the thickness of specimens is suggested. 


P13. Internal Friction and Slip in Thin Single Aluminum 
Crystals. R. SmoLucHowskI AND T. L. Wu, Carnegie 
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Institute of Technology.—An apparatus for measuring in- 
ternal friction of thin strips has been designed, and in- 
ternal friction has been measured in single aluminum 
crystals as a function of elongation. Specimens were etched 
out from the same crystal and electrolytically polished to 
the proper thickness. The original thickness was so ad- 
justed that after elongation all had the same final thick- 
ness. The damping was measured at the resonant frequency 
of about 300 cycles, at the constant strain amplitude of 
10-5 and at a pressure of 7g mm Hg. The results indicate: 
(1) That the dependence of internal friction on elongation 
varies with the orientation of the crystal and the respective 
slip system; (2) A plot of this dependence for each speci- 
men shows two maxima—the first maximum being related 
to the onset of a second slip system; (3) With increasing 
strain amplitude the second maximum becomes higher 
and shifts towards higher elongation; (4) Decrease of 
internal friction as a function of time (recovery) has been 
measured at room temperature; (5) Internal friction 
measured parallel to the slip lines is lower than perpendicu- 
lar to them. The observations are interpreted in terms of 
theory of dislocations. 


Ql. Diffraction Patterns of Electromagnetic Waves 
Near Rods and Apertures. C. L. ANDREWS, General Electric 
Company.—The diffraction patterns of microwaves by 
rods and apertures have been measured on the sides toward 
and away from the source and in the planes of the aper- 
tures themselves. These patterns were most easily explained 
as the resultant of the direct geometrically propagated 
beam and reradiation from rods or edges of apertures. 
The interference pattern of a single rod parallel to the 
electric field of an incident plane wave was approximately 
a set of parabolas. The maximum intensities in the pattern 
of two rods or of a slit were at the intersections of the 
two sets of parabolas. The positions of maxima and minima 
of intensity and the relative intensities were checked with 
theory. 


Q2. A Double Focusing Mass Spectrometer.* ALFRED O. 
NieEr, T. R. RoBERTS, AND E. G. FRANKLIN, University of 
Minnesota.—A double focusing mass spectrometer has 
been constructed in which mass separation is accomplished 
by sending the ion beam through a 90° electric condenser 
followed by a 60° magnetic field. The use of different ob- 
ject and image distances in the magnetic analyzer serves 
to reduce the usual second-order aberration caused by the 
diverging ion beam. Although extremely stable electronic 
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supplies are employed, even greater stability is insured by 
having an ordinary 60° mass spectrometer in the same 
magnetic field. Both spectrometers obtain their accelerat- 
ing and deflection voltages from a common voltage divider 
across a high voltage supply. The auxiliary spectrometer 
employs a split ion collector. A change in either the mag- 
netic field or high voltage supply sends a differential signal 
from the split ion collector through an amplifier into the 
high voltage supply. Because of the high gain in the inverse 
feed-back loop involved, the effect of the initial change is 
almost eliminated. Preliminary tests indicate than equiva- 
lent stability approaching one part in 10° may be reached. 
The resolution of one in several thousand will permit the 
precision determination of atomic masses or the analysis of 
gaseous mixtures where the gases have the same mass 
numbers but different packing fractions. 
* Assisted by the joint program of the ONR and the AEC. 


Q3. Measurement of Electron Mobility by Means of 
Pulse Techniques.* F. F. RtiEKE AND DARYL ERRETT, 
Purdue University.—Low energy electrons are set free in 
an ionization chamber by means of 0.5-microsecond pulses 
of 300-kilovolt electrons. A uniform electric field is pro- 
duced within the chamber by plane parallel electrodes and 
intermediate potential-distributing rings. The central por- 
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tion of one of the electrodes is insulated from the rim and 
serves as a collector. For measuring the collection time, the 
current to the collector is amplified and displayed on an 
oscilloscope having a calibrated driven sweep. Preliminary 
measurements, carried out primarily to test the method 
and apparatus, have been made with dry air for the pres- 
sure range 1-68 mm and with tank nitrogen for the range 
2-344 mm. The range of applied electric fields was 5-275 
volts/cm. With a chamber 15 cm long,measured collection 
times ranged from 3 to 40 micro-seconds. The electron 
mobility was found to rise with increasing field for low 
fields, and then to fall after going through a maximum. 
For the higher pressures the rise in mobility was more 
pronounced than for the lower pressures. For example, in 
tank nitrogen at 4 mm pressure the mobility is 70X10 
cm?/volt. sec. and rises to 110 X 108 units at 23 volts/cm. 


* Assisted by ONR. 


Q4. On the Characteristics of the Parallel Plate Spark 
Counter. LEON MADANSKY AND R. W. Pipp, Johns Hopkins 
University—A parallel plate spark counter was con- 
structed! to provide a uniformly sensitive avalance volume 
for detecting ionizing radiations. Further work has shown 
that the rise time and average delay error time is com- 
patible with time interval measurements of 10~® sec. The 
recovery time of the counter is critically dependent on the 
cathode material suggesting some sort of surface emission 
phenomena. However, recovery times of one millisecond 
are obtained with lead and ten cathodes. Quantitative re- 
sults on all the characteristics of the counter will be given. 


1L. Madansky and R. W. Pidd, Phys. Rev. 73, 1215 (1948). 


Q5. Electrostatic Interaction in D.C. Discharges in 
Gases.* Jutrus H. Cann,** Yale University.***—The 
problem of electrostatic interaction in space-charge neu- 
tralized d.c. discharges has been dealt with by the classical 
methods of the Boltzmann transport equation. This work 
has been made possible following the work of Landau! in 
which the assumption was made that in the majority of 
electron-electron collisions a very small fraction of mo- 
mentum is exchanged. The electronic velocity distribution 
function thus obtained has been examined for two specific 
electron-molecule cross sections for momentum transfer. 
In one, the cross section is assumed inversely proportional 
to the electronic velocity. This leads to a Maxwellian ve- 
locity distribution which is independent of electron density 
until such densities are reached that the ions become im- 
portant. In the other case, the cross section is assumed 
independent of the electronic energy, and the transition 
can then be shown from the Davydov to the Maxwellian 
distribution as the electron density increases. 

* Part of a dissertation presented to the Faculty of the Graduate 
School of Yale University, in fulfillment of the requirements for the 
degree of Doctor of Philosophy. 

** Now at the University of ae. Lincoln, Nebraska. 


*** This work was assisted by O 
1E. Landau, Physik Zeits. der Sowjetunion, 10, 154 (1936). 


Q6. The Effects of Various Barium Compounds with 
Respect to Cold Cathode Behavior as a Function of Life 
in a Glow Discharge.* HarRoLp JAcoBs AND ARMAND P. 


LaRocgueE, Sylvania Electric Products, Inc.—The effects 
of various barium compounds in glow discharge tubes are 
determined and compared with those of barium metal. 
The various barium compounds are shown to require dif- 
ferent activation schedules in order to obtain the lowest 
initial regulation voltage. The regulating voltage, as a 
function of time, is determined for all the cathode sur- 
faces. The composite surfaces are found to have greater 
stability than the metallic surface over a long period of 
time. The composite barium surfaces are shown to reach 
an asymptotic limit in their respective regulating voltages 
with these values being of the same order of magnitude as 
the original regulating voltage of the metallic barium 
surface. 


* This work was undertaken in association with the Applied Physics 
Laboratory of the Johns Hopkins University and sponsored by the 
Bureau of Ordnance, U. S. Navy. 


Q7. Oxide Cathode Interface and Coating Voltages.* 
A, EISENSTEIN AND J. R. YounG, University of Missouri.— 
A d.c. retarding potential method has been developed for 
determining the voltage drop across the oxide cathode 
interface and coating, Vic, when emission current is drawn. 
This technique is similar to a pulse method previously 
used and involves a measurement of the energy of elec- 
trons arriving at the anode having fallen through the po- 
tential drop between the coating surface and the anode. 
Under d.c. emission conditions Vi. is of the same order of 
magnitude as the contact potential, c.p. The latter is de- 
termined and extracted from the measured voltage by 
extrapolating a plot of (Vie+c.p.) vs. anode current to 
zero current. Over the range 950-1250°K the interfaceless 
cathode, (BaSr)O on pure nickel, shows a linear variation 
of Vie with current which is interpreted as a coating voltage 
only. Coating conductivity values obtained from the slope 
are in agreement with previous measurements made using 
probes. The difference between the work function obtained 
from a Richardson plot and the conductivity activation 
energy indicates an electron affinity of 0.3ev. Similar d.c. 
measurements on the Ba2SiO, interface cathode shows a 
non-linear variation of Vie with anode current at low tem- 
peratures and a considerably higher total interface and 
coating voltage. 

* This work was supported in part by ONR. 


Q8. The Production of Free Alkaline Earth Metal in 
Simple Vacuum Tube Filaments. Greorce E. Moore, 
H. W. ALLIson, AND JAMES Morrison, Bell Telephone 
Laboratories.—The production of free alkaline earth metal 
through reduction of the oxide in contact with tungsten 
was measured by two independent methods. The first 
method consists in exposing the experimental tube to 
water vapor and measuring the hydrogen evolved when 
the water vapor is decomposed by the metal, such as Sr. 
In the second method, the total Sr evaporated from a SrO 
coated tungsten filament is compared with that evaporated 
from a similar platinum filament, assuming that only SrO 
evaporates from the platinum. The use of radioactive iso- 
topes made the second method practical. The results by 
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both methods agree and indicate that approximately 100 
atoms of Sr metal leave a tungsten support for every SrO 
molecule. The rate of reaction is apparently not limited 
by interphase diffusion. The observed reduction of MgO 
agrees with the rate computed by thermodynamics and 
kinetic theory. The agreement is less satisfactory for the 
reduction of SrO, probably because of uncertainty in the 
published data used for computation. The methods seem 
applicable to other reactions now being investigated be- 
tween pure alkaline earth oxides and pure metallic sup- 
ports. Photoelectric observations were employed to main- 
tain constant reaction temperatures. 


Q9. Electrical Phenomena Resulting from the Freezing 
of Dilute Aqueous Solutions. E. J. WoRKMAN ANpD S. E. 
REYNOLDs,* New Mexico School' of Mines.—Observations 
on the electrical potential and charge generated during 
the freezing of dilute aqueous solutions have been ex- 
tended.! Solutions of a variety of chemical substances in 
concentrations from 10~* to 10-* normal have been frozen 
in bulk by contact with a refrigerating surface at abour 
—15°C. The compounds used exemplify known types of 
chemical bonds. The electrical potential of the growing ice 
mass with respect to the remaining liquid ranged from 
— 34 volts with CsF (3107-5 normal) to +190 volts with 
relatively dilute NH,OH (approximately 5 10-* normal). 
Electrical charges in excess of 410° c.g.s. units per ccm 
frozen were observed in the case of NaF. In the series NaF, 
Cl, Br, and I the charge developed was progressively less 
corresponding to the decrease in degree of ionic bonding. 
Observed differences of potential between the growing ice 
and the liquid as a function of concentration in the case of 
very dilute solutions of NH,OH suggest this effect as a 
possible method of detection and analysis. 


* Supported by War Department Signal Corps. 
1E. J. Workman and S. E. Reynolds, Phys. Rev. 74, 709 (1948). 


Q10. Electrical Charge Separation Produced by Rapid 
Freezing of Rainwater. S. E. REYNOLDs AND E. J. WorK- 
MAN,* New Mexico School of Mines.—The generation of 
electrical potential differences and relatively large charge 
separations as caused by rapid freezing of slightly con- 
taminated water, has been suggested as a mechanism for 
the generation of thunderstorm electricity.! This subject 
has been further studied in the laboratory by freezing 
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numerous samples of rainwater collected at an elevation 
near the zero isotherm in actual thunderstorms. Also, 
samples of rainwater collected at the surface of the ground 
(5000 ft. and 10,000 ft. elevation) have been studied for 
contamination and electrical properties. The electrical 
conductivity of precipitation forms collected at the zero 
isotherm and measured without appreciable warming was 
approximately 10° ohm cm. Subsequent laboratory in- 
vestigations on conductivity and freezing indicate that the 
application of this freezing effect to thunderstorm elec- 
tricity may depend upon a sensitive but naturally con- 
trolled balance to contaminants including CaCO; and 
COs, the latter playing the additional role of holding Ca in 
solution as Ca(HCOs)s. 


1E. J. Workman and S. E. Reynolds, Phys. Rev. 74, 709 (1948). 
* Supported by War Department Signal Corps. 


Q1l. Specificity of Interaction between Pairs of Identi- 
cal Large Molecules.* HERBERT JEHLE, University of 
Pennsylvania.—In self-duplication of genes the original 
gene selects from the surrounding medium those macro- 
molecules which happen to be identical with the macro- 
molecules which constitute the gene. The accuracy of 
selection through generations and the versatility of this 
phenomenon working for all kinds of genes makes this 
problem interesting. Genes are built of nucleoproteins 
which from x-ray analysis are known to be rigid. Most of 
the thermal vibrations of the macromolecules can be 
treated classically. They are anharmonic which means that 
those ‘“‘modes” of a molecule which have approximately 
commensurable frequencies will have a strong statistical 
preference for phase-related vibrations (synchronized, i.e., 
librational motion in subharmonic resonance). A pair of 
macromolecules will interact through their electric dipole 
and higher moments which accompany the thermal (pa- 
ticularly the low frequency) vibrations. Phase relations in 
between the ‘“‘modes” of each individual molecule have as 
a consequence that if the pair of fundamental “‘modes”’ 
of a pair of identical molecules are inphase, then also the 
pairs of other ‘“‘modes”’ are mostly inphase. So the cumula- 
tive effect of coupling between the various pairs of ther- 
mally excited ‘“‘modes”’ can become of the order of kT even 
while the two molecules are a considerable distance apart. 


* Work done at the Institute for Advanced Study and at the Eldridge 
W. Johnson Foundation. 


SP1. Magnetic Scattering of Elementary Nucleons. 
JosEPH W. WEINBERG, University of Minnesota.*—Cross 
sections for electromagnetic nn, np, and pp scattering have 
been obtained following Mgller’s treatment! for the Dirac 
electron. Pauli corrections to the Dirac equation have been 
applied to describe magnetic interactions according to the 
phenomenological theory of fixed anomalous moments.? 
Though magnetic scattering increases rapidly with energy, 
the reaction upon internal meson currents that normally 
sustain anomalous nuclear moments would tend to limit 
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magnetic forces as the meson production threshold is ap- 
proached. Without a detailed mesonuclear theory, one 
must therefore confine predictions here to non-relativistic 
laboratory energies below 200 Mev. In the laboratory sys- 
tem, 7 =kinetic energy in units of Mc?, @=scattering angle, 
£p=2.79, gn = —1.91, the gyromagnetic ratios 

do pp/dQ=([(e?/ Mc?)?(14+37/2)/(T? sin?6 cosé) ] 


X [tan’0+cot?@—1+(7/2) 
X (tan’@—cot?@)+ Tgp(gp—1)]; 
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Mc?)*?/16 
Onn = 

In dop,/dQ2, powers of T beyond the first have been neg- 
lected, and the new contribution given by the last term of 
the second bracket appears as part of the relativistic 
correction. It amounts to about 10 percent of the cross 
section at 15° and 200 Mev. In don,/dQ and en, all rela- 
tivistic effects have been dropped; for, except at small 
angles in the former, both cross sections are only of the 
order of microbarns. 

* To be given after Session B if time permits. 

1C. Moller, Ann. d. Physik 14, 568 (1932). 

2J. W. Weinberg, Bull. Am. Phys. Soc. 23, No. 3 (1948). 

SP2. The Masses of the Mesons. Enos E. WITMER, 
University of Pennsylvania.*—The writer! has presented 
evidence in support of the idea that the masses of all 
nuclei (or at least all stable nuclei) are integral multiples 
of a natural unit of mass designated the prout. The prout 
is defined to be the nuclear mass of O'* divided by 82012. 
The mass of the proton is 6X 861 prouts. The number 861 
is an important number in the writer’s scheme. Although 
the masses of the mesons cannot be fitted into this scheme 
with any certainty as yet, the measured mass of the + 
mesons is close enough to 861 prouts to lead me to believe 
it is 861 prouts exactly. The masses of still heavier mesons 
which have supposedly been observed lead me to suggest 
that there are positive and negative mesons of masses 
861 n, where n is any integer from one to five, possibly 
also six in the care of negative mesons. The measurements 
of the ~ mesons suggest a mass of 574 prouts, one-ninth 
the proton mass. Nothing can be said about the neutral 
mesons or other positive and negative mesons yet. 

* To be given after Session M if time permits 

1 Enos E. Witmer, Proc. Nat. Acad. Sci. 32, 283 (1946). 

SP3. Difference in the E-W Asymmetry of the Hard 
Component of the Cosmic Radiation for Particles of 


Opposite Charge.* GERHART GROETZINGER AND GORDON 
W. McCvure, University of Chicago.**—Two telescopes, 
each having a magnetic deflecting system selecting mesons 
of either charge with energies around 500 Mev, were used 
on the summit of Mt. Evans to determine the E-W asym- 
metry at a zenith angle of 24°. A small asymmetry of the 
total hard component has been observed there previously, 
which can be ascribed to the deflection of the mesons 
produced with a positive excess from isotropic primaries. 
Our experiment gave a difference of 18+7 percent for the 
asymmetries for each charge, which is consistent with the 
above assumption.! The positive excess was found to be 
22+4 percent. A smaller difference in the asymmetry 
and a smaller positive excess seems to occur for mesons 
stopped and producing decay electrons in a carbon plate 
after leaving the telescopes. The described arrangement 
could at lower latitudes be used to check on the existence 
of negative meson producing primaries. 


* This research was supported in part by the Office of Naval Research. 
** To be given after Session M if time permits. 
1 Thomas H. Johnson, Phys. Rev. 59, 11 (1941). 


SP4. Magnetic Moments of Sunspots. JAMEs W. 
Broxon, University of Colorado.*—Simple approximate 
representations of the magnetic fields of sunspots by di- 
poles or ring currents are considered, and expressions de- 
duced for the magnetic moment of a sunspot in terms of 
its area and its maximum central magnetic field strength. 
These are extended to include sunspot groups, and a 
function (SS— MM) is defined as the arithmetic sum of 
the equivalent moments of all visible groups. Statistical 
treatment of Chree’s method of superposed epochs pro- 
vides some indication of a 27-day interval between recur- 
rences of fluctuations in SS— MM. This work was sup- 
ported in part by the Office of Naval Research. 


* To be given after Session M if time permits. 


Tl. Nuclear Magnetic Moments as Integral Multiples 
of a Natural Unit. Enos E. Witmer, University of Penn- 
sylvania.—The ratios of the g values of a number of nuclei 
to the g value of the proton have now been measured with 
great accuracy. Among these are the neutron and the 
nuclei of H?, H*, and Tl. The results for all 
these nuclei appear to support the conclusion that the mag- 
netic moments of nuclei are integral multiples of uy/672, 
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where uy is the nuclear magneton. The magnetic moment 
of the proton is assumed to be 1876 of these units. The 
corresponding numbers for the neutron and other nuclei 
are 1285, 576, 2001, 472, 1766, and 1095 in the order given 
in the second sentence. These results are in accord with a 
previous statement by the writer.! 


1 Enos E. Witmer, Phys. Rev. 73, ga _—. See also Enos. E. 
Witmer, Proc. Nat. Acad. Sci. 32, 283, (1946 
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